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The indefinable charm of.a clear starlight night compels us 
to realize more completely, perhaps, than anything else, the 
trivial position man occupies in the general scheme of the uni- 
verse. As we look at the myriad points of light, gleaming like 
so many diamonds, and consider that each one is a sun, in 
many cases far larger than our own, the grandeur of nature 
seems for a time to exclude all other thoughts, and under its 
ennobling influence the troubles and annoyances of every day 
life sink into temporary insignificance. The immensity of the 
distances at which these worlds are situated appals us, and 
although our minds reel at the vastness of the task, we feel 
forced to speculate whether or not these countless worlds are 
really unlimited in number, and the universe infinite in extent. 

Any evidence on this point is of course purely theoretical, 
but before endeavoring to examine this, it will perhaps facilitate 
matters to briefly consider some of the general features of the 
universe about which more or less infinite information has 
been obtained. 

Naturally all terrestrial standards are inadequate to express 
the remoteness of even the neighbouring stars, and the unit 
usually employed for this purpose is the distance through which 
light travelsin a year. Since its velocity is 186,300 miles per 
second, it can journey more than seven times round the earth 
in one instant. Sunlight takes but eight minutes to reach us 
from its source, and even the time occupied in traveling from 
Neptune, the most distant member of the solar system, is only 
about four hours. In dealing therefore with velocities of this 
description, the space that separates the various members of 
the sun’s family from each other is comparatively insignificant. 
This is, however, scarcely the case when we leave the confines 
of the solar system. Our nearest sidereal neighbour is believed 
to be a star called Alpha Centauri, which although invisible 
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from northern latitudes, is one of the most conspicuous objects 
in the southern skies. Nevertheless so great is the distance 
that separates us from this star, that were its light suddenly 
extinguished, we should not be aware of it for over four years. 
If we turn for a moment to a terrestrial analogy to express 
this distance, its immensity becomes still more apparent. Let 
us imagine a rifle bullet discharged with an initial speed of 
2000 ft. per second, and traveling with a uniform velocity 
towards this sphere; although it would traverse a distance 
equal to that between London and New York in less than two 
and one-half hours, even after the lapse of 20,000 years but a 
very small portion of its celestial journey would have been 
accomplished; indeed more than this number of centuries would 
be required to enable it to reach its destination. And yet we 
know of no star nearer to us than this one in the whole uni- 
verse. Sirius, the brightest stellar object in the heavens, and 
the brilliant ornament of our wintry skies, is quite twice as 
far away, while Spica, Deneb, and Rigel, all of the first magni- 
tude, are at such vast distances as to be beyond the measuring 
power of our most sensitive instruments. 

Unfortunately when considering space of this kind, we labour 
of necessity under immense difficulties. All these measurements 
are calculated on the parallactic displacement of the respective 
stars, caused by the different positions of the earth when on 
opposite points of its orbit. Theoretically every celestial body 
must show more or less displacement, and had we any means 
sufficiently delicate to detect this movement, the distance of 
each one in the heavens could be ascertained. In practice 
however, the only reliable way in which we can work is by 
noticing the relative displacement of two stars, caused by the 
earth’s motion round the sun. There is naturally the draw- 
back that the comparison star may not be sufficiently far away, 
and may thus have shared to a great extent in the apparent 
motion, but this difficulty is counteracted as far as possible 
by using several others for the purpose, and by taking the 
greatest positive movement. However even in the most favor- 
able circumstances the distances ascertained are only relative, 
and when a decisive parallax is obtained by this means, we 
can feel certain that the star in question cannot be more than 
the distance shown, and may be considerably nearer. 

Although our orbital base line is 186,000 miles long, the 
alterations of position it causes are in every case so minute 
that even with the utmost care and with all the refinements 
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of modern science, the amount of probable error must always 
be very great. The largest parallax is of course shown by 
Alpha Centauri, but even this star appears to have a dis- 
placement of less than one second of arc, while in the case of 
every other the difficulty of accurate measurement is correspond- 
ingly increased. Among the better knowf stars for which 
a definite parallax has been obtained may be mentioned Procyon 
ata distance of ten light years, Altair the brightest orb in the 
constellation of the Eagle, which is situated over fourteen years 
away, and Capella from which the light takes nearly three 
times as long as this to reach us. 

These stars are some of the most brilliant in the sky, but it 
does not follow as a necessary corollary that they are the 
nearest to us. Although it is fairly safe to assume that on a 
wide average the fainter stars are more remote than the brighter 
ones, in a great many individual instances the opposite has 
been proved to be the case. Thus one of our nearest neighbors 
is the faint fifth magnitude star known as 61 Cygni, situated 
at a distance of nine light years, while a small telescopic object 
in Ursa Major is comparatively but little further off. On the 
other hand, the second brightest star in the heavens, known as 
Canopus, which is visible only in southern latitudes, is situated 
at a distance so immense as to yield no sensible parallax. It 
must thus be at least 300 light years away, and is probably 
considerably farther. What its actual distance may be is im- 
possible to say, and efforts to measure such other bright stars 
as Betelgeux, and 8 Centauri, have proved almost equally futile. 

We therefore see that it is impracticable to lay down any 
hard and fast rule with regard to the arrangement of the 
stellar host, but there can be no question of the extreme 
isolation of the solar system. Whether this distance from its 
neighbors can be considered as representative of sidereal dis- 
tances in general is not known, but probably if the numerous 
star clusters are taken into account, the average separation of 
one star from another would be considerably less than the 
space which divides us from the adjoining members of the 
universe. 

One problem which the ascertainment of some of the stellar 
distances has enabled us to solve, to a certain extent, is the 
proportionate brilliancy of our sun compared with other stars, 
and also in the case of binary systems, their relative masses. 
If we consider four of the nearest stars, a Centauri, Sirius, 
61 Cygni, and Lalande 21,185, we find that were the sun 
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removed to their respective positions, the comparison between 
its light and that of each of the starsin question would be denoted 


7 


by the numbers = , = » 10, 200. The brilliancy of Canopus 
combined with its immeasurable distance gives it a minimum 
light power 25000 times as great as our sun, while it is quite 
possible that Rigel is nearly as bright as this star. The obscure 
orb which is revolving around Sirius has, however, less than 


— part of the brilliancy of ourluminary. As this satellite 


is actually more massive than the latter, it illustrates very 
forcibly the impossibility of deducing a star’s mass from its 
brightness, or vice versa, and the same fact is shown conversely 
in the case of Sirius itself, which is 33 times as bright, but 
less than 21% times as heavy as the sun. 

In comparing the relative sizes of the different members of 
the cosmos, it seems possible to divide them into two classes, 
one containing the larger, and the other the smaller stars. 
By far the greater number would appear to belong to the 
latter class, but the former would gain in quality what is lost in 
quantity. Theconstituents of each might be analogous to the 
relative difference in mass between the inner and outer planets of 
our own system. Owing to the extremely limited nature of our 
information, such an attempt atclassification may be altogether 
erroneous, but there seems some reason to consider that ina 
division of this sert the sun would rank as one of the smaller 
members of the former class. That is to say, the giants of the 
universe far exceed him in size and magnificence, but he is 
large enough to qualify as a member of that august body, while 
the greater number of stars which our telescopes reveal are 
worlds considerably smaller than our own luminary. 

The quantity of stars, indeed, which have been disclosed by 
telescopic means, and the still greater proportion discovered 
by photography, seem to be almost as far beyond the reach of 
our comprehension as a contemplation of their distances and 
sizes. The number of separate stars visible to the naked eye 
in the course of the year varies with the locality from 
which the observations are made, and a large proportion 
which can be observed under favorable circumstances lie 
just on the verge of visibility, so that the total number to 
be seen varies greatly with the eyesight of the observer. Under 
good conditions, however, from 2500 to 3000 in each celestial 
hemisphere does not seem an excessive estimate, and if the 
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atmosphere were perfectly transparent it is thought probable 
that this number could be increased to twenty-five thousand, 
distributed over the whole sky. By employing a telescope of 
three inches aperture, over 600,000 stars are brought within 
the range of our vision, and a still larger number by the aid of 
the photographic plate. 

The advantage of photography for this kind of work is very 
considerable, owing to its unlimited faculty for amassing faint 
impressions of light. It appears that no rays are too feeble to 
overthrow the delicate molecular balance of the sensitised plate, 
if only they are accentuated by a sufficiently lengthened accum- 
ulation. Unfortunately the difficulties of keeping the rays on 
exactly the same spot on the plate are immense, as although 
the rotation of the earth is counteracted by the most delicate 
clockwork mechanism, it is almost impossible to prevent slight 
inequalities from occurring, owing to the vibration of the earth, 
the varying refraction of the atmosphere; and other causes. 
Moreover the exposure is of necessity limited to the time during 
which the particular region is above the horizon, or to the 
duration of darkness. Nevertheless, with all these disabilities, 
it is considered that it would be possible to obtain the images 
of rather over one hundred million different stars, by utilizing 
the most sensitive plates, and our largest telescopes. 

This steady addition to the amount discovered with every 
increase in instrumental power, naturally makes us wonder if 
there is any limit to their numbers. The problem seems to 
depend to a great extent upon the question as to whether tne 
faintest stars visible are insignificant simply through distance, 
or whether they are actually smaller and less luminous than 
some of the apparently brighter ones whose distances, we have 
been able to ascertain. When we consider that even approx- 
imate measurements have only been obtained in the case of 
little more than one star in a million, there appears to be no 
means of finding a definite solution. We have shown that in 
the few instances where it has been possible to obtain informa- 
tion regarding celestial measures, it has been found that rela- 
tive brightness is no criterion of distance, and this fact seems 
somewhat favorable to the supposition that in a great many 
instances at least, the stars which are now being discovered by 
modern methods owe their faintness, not to greater distance, 
but only to a lesser light power, than some of those which are 
more conspicuous. This theory is rendered more probable as 
the increase in numbers of the fainter telescopic stars is not 
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proportional to the amount of space available on the supposi- 
tion of an equal distribution, and that their faintness is caused 
only by their immense distance. We are thus led to conclude 
that they are actually less luminous or more scattered. It is 
quite likely, however, that both causes combine to produce the 
observed result, but in either case it seems an argument un- 
favorable to the infinity of the universe. If we imagine the uni- 
verse to be simply a huge star cluster, in which we occupy a 
somewhat central position, we should expect its components 
to be situated more closely together in the center, and to 
gradually thin out to its boundaries, in exactly the way that 
the brightness of the stars seems to imply. 

Some years ago the late Mr. Isaac Roberts photographed a cer- 
tain area of the sky in the constellation Cygnus, which happens 
to be particularly rich in stars. Two years later he repeated 
the operations under apparently precisely similar atmospheric 
conditions, but this time the plate was exposed for two hours 
instead of the thirty minutes given previously. When the latter 
photograph was compared with the first one, they were both 
found to be identical. The longer exposure had caused some 
of the stars to appear more distinctly, and some of the brighter 
ones were over exposed, but no fresh images had imprinted 
themselves on the second plate. Now it is more than likely 
that if there were any stars too faint to affect the first photo- 
graphic plate, when the length of exposure was quadrupled, 
sonie evidence of their presence would have been detected. Their 
absence therefore seems to suggest that in the first photograph 
he had penetrated to the limits of the Universe in this direction. 
The same result has been noticed in several other cases, an 
exposure of ten or twelve hours showing no more stars than 
one of a hundred minutes; and it appears that photography 
has enabled us to reach the actual boundaries of the sidereal 
system. 

One of the most familiar features of the southern heavens is 
the curious void occurring in a region of the sky close to the 
Cross. All around the stars are arranged in their thousands, 
but here as if in obedience to some mysterious force, everything 
vanishes. One dim star alone can be seen within the opening, 
a faint point of light in the surrounding darkness. The abrupt 
way in which the stars end produces an uncanny feeling, and 
filled the early explorers of the southern latitudes with super 
stitious awe, It has the appearance of an opaque veil drawn 
across the sky, shutting out an area nearly thirty times as 
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large as the full moon. That this can actually be the cause of 
the extraordinary phenomenon appears impossible from its 
very size, and it seems that here we are looking through a 
genuine opening into the void beyond. Although photography 
has shown that the southern edge of this ‘coal sack’, as it is 
termed, is not quite empty, in the northern portion no trace 
of any stars has ever been discovered. There are a few similar 
but smaller coal sacks in other regions of the sky, notably one 
in the constellation of the Swan, which gives it the appearance 
of having had a mighty bore hole drilled through it to the 
confines of the universe. What the cause of these mysterious 
openings can be, or what force it is that prevents the stars 
from clustering in these forbidden grounds, seems useless to 
speculate. They can scarcely be the result of chance, although 
we can find no satisfactory reason to account for their existence. 

Besides the weird fascination of these ‘coal sacks,’ which 
make us feel that in these directions at allevents we can see 
the boundary of the sidereal system, the evidence they afford 
regarding the structure of the Milky Way is very important. 
At one time it was imagined that the universe had a flat disc- 
like shape, in which the sun was somewhat centrally situated, 
and that the thinning out of the stars towards the poles, and 
their crowded appearance in the Galaxy, was an optical delu- 
sion caused by the immense lateral extension of the system in 
the latter direction. If this supposition were correct, it seems 
improbable that there should be any straight tunnels penetrat- 
ing right through the thickest portion of the universe; that 
two of them should converge upon the position occupied by the 
sun is still more unlikely, while the fact that many actually do 
sO, appears to render this hypothesis wholly incredible. 

This disc theory has, therefore, been generally abandoned, 
and it is now considered more likely that the Galaxy is really 
what it seems to be,i. e. an immense band or wreath of com- 
paratively small stars encircling our system. This wonderful 
stellar garland is perhaps the most inexplicable feature in the 
cosmos, and no theory of its shape or construction seems 
entirely satisfactory. We cannot but feel that herein lies the 
solution to the riddle of the universe, could we only discover 
the means of deciphering it. The task however seems altogether 
hopeless. The distance at which the Galaxy is situated is alone 
sufficient to preclude the possibility of our ever obtaining much 
evidence regarding it, and the stupendous scale of its construc- 
tion is utterly beyond the power of human comprehension. 
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It is evident that some force has produced the aggregation of 
the majority of the stars in these regions, while the same cause 
seems to have repelled most of the nebulae to antithetical 
positions in celestial space, so that in imagination we can 
picture the universe as a huge oblate spheroid, belted with 
stars at the equator, and crowned at the poles with nebulous 
clouds. 

We cannot tell whether this evolution is still in progress, but 
there can be no question that the stars are in a state of per- 
petual motion. Radial movement has also been detected by 
means of the spectroscope in some of the nebulae, and as the 
attraction of each sphere must react on every member of the 
universe, it seems impossible to imagine a state of absolute 
quiscence in any ponderable body. So far as we can judge, the 
paths which the stars are pursuing, resemble the apparently 
irresponsible movements of gaseous molecules, and exhibit 
equal diversity both in direction and the speed they are travel- 
ing. At the same time these disorderly motions scarcely seem 
to harmonize with the regular orbits observed among the 
various members of the solar system, and it seems difficult to 
believe that there should be law and order in one case and not 
in the other. Indeed the proper motions of the stars are a very 
perplexing feature of the stellar system, and as their move- 
ments must be closely connected with the extent of the universe 
it will be advisable to briefly consider any evidence that has 
been obtained regarding their paths. 

Our own sun is considered to be traveling with his numerous 
retinue towards a point near the bright star Vega, at a speed 
of about fourteen miles per second; but this is a very moderate 
velocity compared with some of the members of the cosmos. 
Capella seems to be receding from us at 21 miles, and 
Aldebaran at about 34 miles per second, but one of the fleetest 
amongst the known giants of the system is Arcturus, which is 
traveling towards the earth at the incredible rate of 257 
miles per second. Another of these runaway stars which is 
probably of much smaller dimensions is one invisible to the 
naked eye, known as 1830 Groombridge, and is moving at a 
rate of 161 miles per second, or over 5,000,000,000 miles in 
a year. 

We are utterly at.a loss to know how these extraordinary 
velocities have been attained. Gravitation seems to be the 
only explanation, but even that appears totally inadequate to 
account for theswiftness of stars of this description. Only when 
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they were in the closest proximity would a star of any ordinary 
dimensions be capable of imparting to another kcay a velocity 
of one or two hundred miles per second, and in no instance 
does there seem to be any evidence of such close approaches 
among these runaways. 

Professor Newcomb has calculated that if the universe con- 
tains 100,000,000 stars, each of them on the average five 
times larger than our sun, and if these giant bodies were 
scattered over a disc having a diameter of 30,000 light years 
the combined attraction of this system on a body falling 
towards it from an infinite distance, would only be able to 
impart to the latter a velocity of twenty-five miles per second. 
If then, such a star were approaching our universe at a greater 
speed than this, its momentum would be sufficient to carry it 
right through the stellar system. 

At first sight a maximum speed of twenty-five miles per 
second seems a very low estimate for the total force of the 
universe, when we consider that the earth itself could impart 
a velocity of one quarter this amount to any body falling upon 
it from an infinite distance. If however, instead of the stellar 
system we imagine a disc 30,000 light years in diameter, filled 
with matter of such a consistency that its mass equivalent to 
the total mass of all the components of the cosmos, we should 
find its substance to be so diffuse that it would almost amount 
toa vacuum. Since the intensity of gravitation varies directly 
as the mass, and inversely as the square of the distance, the 
relative density of any celestial body laryely influences the 
attractive force which exists at its surface. From this cause the 
weight of any object on the planet Saturn would scarcely exceed 
its weight on the earth, as although the total mass of the 
former planet is ninety-five times that of our globe, its density 
is less than 4% part volume for volume. The reason, therefore, 
for the inability of the universe, acting as a whole, to impart 
a high velocity to any outside star, lies in the fact that 
although its total mass is enormous, the boundaries of the 
system lie at such an immense distance from its common center 
of gravity, that this almost nullifies the attractive force 
derivable from its mass alone. 

A study of stellar movements discloses the fact that velocities 
are greater on the average among faint stars than in the case 
of the brighter ones. This is certainly another argument in 
favor of these telescopic stars being actually smaller than the 
more luminous ones, rather than the more remote, since if two 
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bodies are approaching one another under the influence of 
their mutual attractions, their respective velocities will be 
inversely proportional to their masses. If too these faint stars 
are comparatively small, it follows that they are actually 
nearer to us than their brightness would imply, and this fact 
would exaggerate, and thus account for their rapid motions. 
At the same time it renders the velocity of a star like Arcturus 
all the more inexplicable, as its mass may be at least 15,000 
times that of the sun, and we have reason for imagining it 
must be one of the largest stars about which we can obtain 
any inforination. 

It is possible that the cause of some of the high velocities 
observed may be the result of a number of close approaches 
amongst individual stars. If two bodies originally moving in 
different directions are approaching one another without any 
hindrance to their movements by a third force, their orbits 
will become more curved and their velocities increased with 
proximity until they reach the maximum curvature of their 
paths, when they will recede from each other in the same 
manner as they approached. The precise shape of their orbits 
‘will be determined by the proportion the original momentum 
of each bears to the attractive power of the other, but in no 
case will this latter cause the orbits to become elliptical, as each 
body will only be able to control the same speed as it imparted, 
and both stars will thus go on their respective ways, with 
their original momentum unimpaired. It may so happen that 
sometimes after an encounter of this description, one of the 
stars may come under the influence of another attractive force 
acting in the same direction, before it has lost all the speed 
caused by its approach toits previous partner. If this occurs 
frequently inthe course of the stars existence, these attractions 
in the aggregate might be sufficient to account for some of 
the high speeds observable. Onthe other hand a star might 
have a number of adverse encounters, caused by its various 
centers of gravity lying in opposite directions, which would 
serve to nullify the effect of each other, and perhaps tend to 
destroy its original proper motion. In this way the diversity 
of speed and direction could be accounted for, and although the 
explanation is not altogether satisfactory, it is perhaps more 
feasible than concluding that runaway stars are visitors from 
another universe. 

One of the best known reasons for considering the number 
of stars to be limited was first suggested by Professor Newcomb. 
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His argument was briefly as follows:—We must suppose all the 
stars to be situated in a number of concentric shells, according 
to their various distances, with the earth as the central point. 
Then as the surface area of each shell would vary directly as 
the square of its distance from the earth, we should expect the 
number of stars situated at their respective surfaces to vary 
in like manner, on the assumption of an average equality of 
distribution and brightness. For example a certain shell might 
contain 500 stars, while one situated at twice its distance 
would have four times its area and therefore contain two 
thousand stars. Since the intensity of light varies inversely as 
the square of the distance, the total quantity received trom 
the two thousand further stars would be exactly equal to the 
amount transmitted by the 500 at half their distance. In a 
similar manner, as we proceed outwards, the increasing dist- 
ance and proportional faintness of each series of stars would 
be exactly compensated by their additional number. If then, 
the universe were infinite, the amount of light would be 
unlimited and the heavens would be illuminated with an incon- 
ceivable radiance. As this is very far from being the case we 
conclude their number must be finite. 

The weak point about this argument is the necessary condi- 
tion that no light should be lost during transmission. If there 
are any quantity of dark stars in space they would be capable 
of intercepting some of the stellar light, and would thus invali- 
date the argument. To assume the non-existence of such dark 
bodies would be to infer that a star can continually radiate 
light and heat without consequent loss, a condition contrary 
to the usually accepted laws of physics. Moreover the few 
cases in which we have been able to ascertain their relative 
masses, has shown that there is a vast difference in the intrinsic 
brilliancy of different stars. This variation is probably caused 
toa great extent by the difference in their ages, and suggests 
that their heat is gradually being lost through radiation into 
surrounding space. It seems quite possible, since the stars all 
appear to be in motion, that occasionally two of them collide 
and transform a portion of their energy into heat. Part of 
the high temperature is reconverted into potential energy by 
the expansion of the stars into nebulous gas, and this force 
being slowly turned again into heat by the gradual contrac- 
tion of the nebulae, may be sufficient to keep them in a state 
of incandescence for possibly millions of years. Nevertheless it 
seems impossible to imagine that the supply is absolutely in- 
exhaustible, and can be radiated for ever. 
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Unfortunately even the theory of regeneration of heat by 
collisions does not explain the provision of an endless supply 
of light and heat for the universe. With each impact that 
occurs a certain quantity of energy is lost, and if time is infin- 
ite, unless the heat radiated into space can be retransformed into 
energy, a period must arrive in the history of the cosmos, 
when all its components will have fallen together, and amal- 
gamated into one vast solid globe. To meet this difficulty it 
has been suggested that the nebula are formed of cosmic dust 
expelled from the stars by the repulsive action of light, and 
that these nebulae principally collect in the regions of space 
antithetical to the galaxy, where but few stars exist. Although 
it is very likely that cosmic dust is expelled from luminous 
bodies; it is difficult to believe that the amount driven off in 
this manner would be adequate to account for a limitless 
supply of heat, and if stellar evolution does proceed in an 
endless cycle, it seems more probable that a portion of this 
heatis retransformed into energy by some means unknown to us. 

Even if we cannot explain the transformation of heat into 
energy, the results of impacts among the stars would be 
sufficient to explain the opposite process, and provided this is 
the cause of stellar light and warmth, the proportion of dark 
bodies to luminous ones will be regulated by the ratio which 
the number of collisions bears to the average time a star takes 
to cool. Vast though this time must be, the visible spheres 
appear to be far too thinly scattered to render it probable 
that the number of collisions among them would be suffi- 
ciently frequent to keep up the supply of heat, and the theory 
would require enough dark bodies to render this possible. 
It seems therefore, quite likely that these invisible worlds 
considerably outnumber those which are luminous; but on the 
other hand if this is the case we should expect eclipses of the 
more distant stars to sometimes occur. Owing to their immense 
number it is impossible to say whether this does often happen, 
but there appears to be no definite evidence that this is the 
case. It thus seems impossible to form any opinion regarding 
the number of these dark bodies, but at the same time their 
existence seems sufficiently probable to prevent us from defin- 
itely concluding that because the starlight we receive is not 
infinite in amount, the universe must be limited in extent. 

It is possible, however, to find another argument in favor 
of this supposition, based on the effects of gravitation. The 
evidence afforded by the various multiple systems of stars has 
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shown us that this force extends throughout the universe. 
Although the question of its actual nature defies solution more 
completely, perhaps, than any other problem in physics, the 
laws by which it is governed appear to be of the simplest. 
Nothing seems to be opaque to it, and it appears to pass as 
readily through the densest substances as when traveling 
through the vacant regions of space. In this case, therefore, 
the existence of dark bodies would increase, instead of diminish 
its power. If then, the universe were infinite in extent, any 
point would be a center of gravity, and individual spheres 
would be unable to hold together by the mutual attraction of 
their parts. At the same time it must be confessed that in an 
argument of this sort the human intellect gets rather out of 
its depth, and although it seems impossible to picture the 
state of things here depicted, it is equally difficult to imagine 
any other alternative. 

The necessity of inventing a medium for the conveyance of 
light and gravitation has led to the hypothetical aether, but 
whether this extends beyond the confines of the visible universe 
is impossible to imagine. It may be that even this imponder- 
able substance, which is supposed to pervade all space, becomes 
more attenuated towards the boundary of the stellar system, 
just as the terrestrial atmosphere grows more rarified with 
increase of distance from the earth, and that this is partly the 
reason for the decrease in the proportion of light from the 
remotest stars. If we pursue this train of thought still further, 
we can picture a distance so great that even the aether has 
ceased to exist, and we can try to imagine a perfect void 
incapable of transmitting even gravitation or light. If this 
really is so, other universes may exist in juxtaposition to our 
own, but concerning the presence of which it will be impractic- 
able to ever obtain any proof, unless stars can move from 
one to another. 

There does not, however, seem to be any evidence, either of 
an infinite universe, or of external galaxies, whether wef con- 
sider the question from an observational or theoretical point 
of view; at the same time with one of finite dimensions" there 
is the obvious difficulty of the beyond. The truth is that a 
universe of finite proportions is equally difficult to realize’ as 
one of infinite extent. Perhaps the nearest analogy to infinity 
that we can understand, lies in our conception of a closed 
curve. It seems more easy to imagine the endless movement of 
a sphere in a circular path, than the case of one traveling in a 
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straight line. Possibly this analogy may apply in some way 
to fourth dimensional space, but the manner of its application 
is certainly not easy to understand. If we could imagine that 
all codrdinates of time and space were curved, and eventually 
returned to the same point, it might bring the ultimate com- 
prehension of this subject one degree nearer. What extension 
of our faculties would be required to render its conception 
possible seems hopeless to speculate. The intricate mathemat- 
ical problems of the present day would have appeared equally 
impossible to paleolithic man, and a time may arrive wherein 
our descendants will be endowed with minds as far in advance 
of our intellects, as the latter are superior to the mental capac- 
ities of our prehistoric ancestors. 

Although at present the conception of this vast subject lies 
utterly beyond the reach of human intellect, this should not 
prevent us from considering any evidence that is within our 
comprehension, more especially since the alternatives of finity 
or infinity being equally inconceivable, enables us to approach 
the task in an unprejudiced manner. The principal evidence 
of the existence of other universes seems to lie in the fact that 
the proper motions of a large number of the stars appear to 
be beyond the gravitative control of our system, and that they 
may eventually pass beyond its confines. This supposition is, 
however, based on the hypothesis of a disc-like system of such 
vast dimensions that light would take 30,000 years to pass 
through it. There appears to be no valid reason for consider- 
ing that the space it occupies is as large as this, and if the 
components of the system are closer together, it might more 
than compensate for the fact that the one hundred million 
stars are on the average almost certainly less than five times 
the mass of our sun, which was one of the assumptions of 
Professor Newcomb’s calculations. Then too, the probable 
presence of dark bodies would considerably increase the attact- 
ive power of the universe, so that these ‘runaway’ stars may 
not really be traveling sufficiently fast to effect their escape. 

Before the discovery of the spectroscope, some of the nebulz 
were thought to be external galaxies or star clusters lying at 
such immense distances as to be irresolvable into individual 
stars; but many of these have since been proved to be gaseous, 
and the close association of others with stars which are evi- 
dently within the boundaries of our system, has caused the 
theory of their external position to be generally abandoned; so 
that this argument in support of an infinite universe has failed. 
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The recent results of scientific research certainly seem to 
accentuate the absence of any evidence concerning the existence 
of matter beyond the confines of the visible cosmos, and it 
appears more reasonable to suppose that at some point in space 
matter actually ceases to exist, than to imagine it is infinite 
in amount. If this is the case, and if it is possible for the 
aether to terminate also, the universe must be bounded by a 
perfect void. Could we but conceive of an absolute vacuum, 
it might enable us to overcome the difficulty of the ‘beyond’, 
which is always urged against any theory of finite universe. 
Our terrestrial conception of a void surrounded by any sub- 
stance is a break in the continuity of matter, and we only 
think of the boundary line where the matter ceases to exist, 
not of the vacuum itself; for we do not measure ‘emptiness’ by 
its own volume, but by the space it prevents matter from 
occupying. As no substance could be excluded on the outside 
of a boundless void, our methods of measurement fail, and we 
cannot conceive of a void surrounding matter. An absence of 
aether would entail a cessation of heat, light, gravitation, 
even the very cohesion of individual particles of any ponderable 
body, if the usually accepted laws of these phenomena are 
correct; and since inertia is considered by some of our lead- 
ing scientists to be caused by aethereal electro magnetic energy, 
rather than as an inherent property of matter, motion itself, 
according to this theory, would become non-existent. In reja- 
tion toa perfect vacuum, without mass, and- incapable of sus- 
taining motion, there could be no question of size, for zero 
multiplied by any number however great will also remain zero. 
In this respect, therefore, finity and infinity are synonymous 
terms, and a vacuum might bea possible boundary to a finite 
universe. 

There seems, indeed, no reason why we should assume that 
the sidereal system is composed of limitless worlds; and al- 
though we have no evidence at present regarding the extent of 
the luminiferous aether, it would be more conceivable to suppose 
that this too is limited, and that the universe is actually 
what it appears to be, namely a mighty star cluster of finite 
dimensions floating alone in the surrounding void. 
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Continued from page 99. 


The same difficulties also oppose the acceptance of the second 
hypothesis quite without regard to the fact that such a con- 
siderable change in the axis of rotation, as it calls for, is 
extremely problematical, and in order to explain the departures 
from the mean period and brightness we must resort to the 
same causes, as by the first hypothesis. We would therefore 
only return esseatially to the first hypothesis, which would 
be still more complicated, without thereby reaching a more 
probable explanation of the phenomena. The third hypoth. 
esis is upon further consideration just asimprobable. Accord- 
ing to our conception it would be wholly extraordinary to 
assume great planets with extremely eccentric orbits in the 
plane of our line of sight, and whose perihelia must lie nearly 
in our line of sight behind the star. Without these conditions, 
the star must appear a very long time in full and equal light 
before we ever become aware of any variability in it whatso- 
ever. The appearances of Algol only can be well explained by 
this hypothesis; but even then, what a short period of revolu- 
tion! How uncommonly short also is that of 8 Cephei, and 
n Aquilae and B Lyre! In order to explain the irregularities, 
we must further assume enormous disturbances of these planets, 
either in their mean motion, or in their inclination and line of 
nodes, and every uniformity in the manner of light increase and 
decrease brings the same difficulty against this hypothesis 
as against the others. A union of one hypothesis with 
another might more easily lead to the goal, but the uni- 
formity in all the variables, mentioned above, would neverthe- 
less not be explained. 

Yet why do we attempt to explain the nature of these mys- 
terious appearances, while they themselves are yet so little 
known to us. Would we obtain a true and correct insight into 
these causes, should we wish to thoroughly investigate what 
these great forces are which from immeasurable distance give 
us knowledge of themselves in so remarkable a manner, 
or, if I may so express myself, to learn to comprehend the 
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language in which these bodies, separated from us by endless 
space, communicate with us, and to understand the laws that 
govern them, then we must first learn to read the letters, 
must know and understand the words in which they speak to 
us. We must next study the appearances themselves more 
closely, must take pains to extricate the common properties 
and regularities, then we must seek the manner in which tke 
departures from the rule occur, in order to know whether they 
follow each other in regular order or whether all order disap- 
pears, at least as far as is recognizable by us. We must there- 
fore direct our attention to the following points: 

(1). The basis of the whole investigation of the variable 
stars is the length of the period. Without its precise knowledge, 
no binding together of the various observations is possible; 
the ascertainment of the greatest and least light or also any 
other phases, if these are constant, in epochs removed as far 
as possible from each other, must therefore go before all other 
investigations. 

(2). Of next importance is the investigation whether the 
period is always of equal length, or whether the differences 
between the times of maxima and minima, derived by 
means of the period, and those observed directly, are so 
great that we can no longer consider them to be errors of 
observation alone, but must seek their cause in irregularities 
of the appearances themselves. If these differences are great, 
then the decision of the question will not be difficult; where 
they are small, however, and especially in the case of the rapid 
light changes of those stars which pass through all their phases 
in a few days, this decision can be reached only through the 
coéperation of as many observers as possible, in order to 
eradicate the errors of each by the mean of many observations. 

(3). If now, we find such deviations from the mean period, 
it must be learned whether they are in any way proportional 
to the time, or whether we can possibly find another formula, 
dependent upon higher powers of the time, which will bring 
them in agreement with the observations, or at last, whether 
they are completely irregular, or perhaps only so complicated 
that we can discover no regularity therein, 

(4). Likewise, it is to be learned, whether the magnitudes 
which they attain at different maxima and minima, are always 
the same, at least within the errors of observation, or different 
at different times. 
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(5). If such differences appear, they can in doubtful cases be 
ascertained only through the codperation of many; it will then 
be our duty to discover whether they follow a fixed law, or 
are wholly without order, and in the first case, whether it is 
possible to find any relation between these laws and those 
which the variations in the period obey. 

(6). After, in this manner, the principal facts of the light 
changes are known, we can proceed to the observations lying 
between the maxima and minima. If we consider as abscissas, 
the times elapsed since the last maximum or minimum com- 
puted according to our formula, and as ordinates, the magni- 
tudes which correspond to these times according to the obser- 
vations, we can draw a curve through the plotted points, called 
the Light Curve, which will give us the brightness for each 
intervening time. For each of the stars of long period, this 
light curve can be derived with some certainty, and even if we 
have found no formula for the irregularities, we may be able 
to derive it by comparing the differences in time between the 
dates given by the curve and the maximum and minimum 
observed directly. For the variables of short period, however, 
which pass through all their phases in a few days, if there are 
not at hand very diversified observations by many observers, 
we can attain accuracy only by the bringing together of the 
observations during many periods. 

(7). We must now seek, whether the light curve is the;jsame 
in all periods, or whether also there are deviations here, 
whether these depend alone on the length of the period or ‘the 
brightness which the star reaches in maximum, or whether 
they are more or less independent, or, above all, whether;{they 
follow fixed laws, or appear wholly irregular. Lastly we 
must turn our attention to still another point. 

(8). It has been remarked that the variable stars generally 
appear redder and less brilliant when decreasing than when 
increasing. A confirmation of this observation, which indeed, 
seems very problematical to me, and in which the fancy, or, the 
notion formerly entertained, of a gradual conflagration, may 
have much share, is very important. This is something which 
those having sharp eyes, sensitive to color, should especially 
lay to heart. 

If, by an investigation of all these relations, the rules should 
be found which govern these changes, and if our knowledge 
should be so precise that we can predict the magnitude any 
of these stars will have at any given time as exactly as a 














Fr. Argelander 151 





mean from a number of observations will determine it, only 
then shall we be able to say that we understand the ap- 
pearances of variable stars, only then may we be able to 
hope a successful issue from our efforts to learn the laws which 
govern these apparitions. Doubtless a wide field opens before 
us, one so wide and extensive and yet in all its various parts 
so precisely to be investigated that wedraw back before the mag- 
nitude of the undertaking, that we are doubtful of reaching 
the goal! But did our forefathers draw back before the equally 
puzzling and perhaps more vexatious appearance of the 
planets? Did they at the sight of the apparently lawless move- 
ments of those heavenly bodies doubt to bring order in that 
chaos, light in that darkness? Probably the first observers of 
the positions of the planets suspected not the goal which 
stretched out before them. For many centuries they unwearied- 
ly noted down these endless complexities before any one was 
able to give an explanation of the orbital motions or to predict 
the approximate place where a planet could be found at any 
given time. New centuries passed before Copernicus sifted the 
truth from the error, before Kepler found his marvelous laws, 
and so presented the facts in the simplicity of nature’s arrange- 
ment, which at last showed to the immortal Newton the way 
to his wonderful gravitation theory. Oh that a Copernicus 
or a Kepler might now arise for the investigation of the 
variable stars! Or that a Newton might appear who could 
unravel the complicated apparitions into the simplicity which 
always characterizes nature! Wecan not expect to accomplish 
such hopes in a moment, for we have just begun our investiga- 
tion. It would indeed be audacious to indulge too freely in 
these hopes, after we have reminded ourselves of the manifold 
difficulties which stand in the way of their fulfilment; but I 
bespeak it in the strength of the manly spirit which generally 
rises in godlike power for the seeking out of truth and 
the Eternals—I bespeak it with faith in the striving for 
knowledge, which in our time pervades all branches of 
learning—I bespeak it to the encouragement of those who 
shrink back before great difficulties, who might despair at the 
view of the extensive field which is to be surveyed in order to 
reach the goal. 

Courage! Each step forward brings us nearer the goal, 
and if we can not reach it, we can at least work so that 
posterity shall not reproach us for being idle or say that we 
have not at least made an effort to smooth the way for them. 
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The way is not difficult; in order to reach an important result, 
a couple of minutes of regular observation, of careful examin- 
ation, are sufficient for each star, and probably in a quarter 
of an hour all variables which are at the same time visible to 
the naked eye, can be observed. For the three stars with short 
periods, » Aquilae, 8 Lyrae, and 8 Cephei, which in certain 
portions of their light curves, change their brightness percep- 
tibly in the course of an evening, so that an observation re- 
peated a few hours later often gives another result, one or 
even many repetitions in not too short intervals will increase 
the surety of the first observation and make known any com- 
mitted haste or inattention. It is desirable in such repetitions 
to forget the result of the earlier observation, and likewise, let 
one avoid hecoming familiar with the expected result, before 
the observation, either from a table or by consideration of 
the observation of the preceding day. Nothing is so injurious 
to the certainty and reliability of the estimates as such a pre- 
occupation. It takes away the needed tranquillity from the 
observation and destroys confidence in it. If one gives way 
to this, he either brings his estimate as nearly as possible to 
the expected result, or out of fear of falling into this error, he 
deviates as far as possible towards the opposite side. In either 
case, as a rule, he will obtain a faulty result of perhaps a mag- 
nitude of uncertainty in the estimates. On the other hand, 
let one carefully notice the circumstances which can affect the 
observation, either favorably or unfavorably, and particularly 
so, if perhaps it happens that during the observations, one 
feels distrustful of them, or if the several observations do not 
accord, or if one sometimes feels that the observations are not 
successful. That it is better not to observe at all, under un- 
favorable circumstances, and what these circumstances are, I 
have already discussed in the preceding chapter (The Mag- 
nitudes and Colors of the Stars), to which I here refer, and 
especially to what was said there about comparisons of the 
brightness of the stars. Special circumstances bring only 
small modifications with them. ‘ 

First, let suitable comparison stars be selected for each vari- 
able, consideration being given to the method of estimating 
previously indicated. They must be so chosen that one of them 
is fainter than the variable in its least light, if this is indeed 
to be observed, and another is brighter than the variable in 
its greatest light, the others so to follow each other in bright- 
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ness that at least comparison stars are at hand for every five 
grades. For those variables now known I will give later under 
each, the comparison stars used by me. 

Let as many of the comparison stars be used at every obser- 
vation as one is able, without estimating too great intervals, 
but at least always one brighter and one fainter, also one 
other, if the variable appears completely or very nearly equal 
to one; the other comparisons will then serve to show the degree 
of the acquired precision, and if they are not very discordant, 
they will also make the result surer. Especially, whenever 
practicable, comparisons should be made with the mean be- 
tween two stars, or rather it should be observed, how much 
nearer the variable comes to the brighter or fainter, than to 
the other. If these two comparison stars are not too far apart 
in brightness, and if the variable stands nearly in the middle 
between them, such comparisons are very certain and often 
show differences which, in all probability, would formerly 
have been overlooked. I denote such comparisons by putting 
the designations of both comparison stars beside each other 
within brackets, and the designation of the variable with the 
estimate of grades outside of the brackets, either before or 
after the same, according to whether the variable is brighter or 
fainter than the mean between the two stars. It is, however, 
not the difference from this mean which this number indicates, 
but the approximate number of grades by which the difference 
between the variable and one of the stars exceeds that between 
the variable and the other. For example, if the variable, v, 
is about two grades nearer to the bright star a, than to the 
faint star b, that is, if it is one step brighter than the mean 
between a and b, then I write v2(ab); if the variable is 
about one grade nearer to the fainter star, b, or about one 
half grade fainter than the mean, then I write (ab)1v. 

As to the knowledge of the time, it is necessary to one or 
two minutes only in the case of Algol, for the others, it is 
accurate enough to the nearest hour; but the three stars of 
short period at times change their brightness within an hour 
about one quarter to one third of a magnitude, and therefore, 
in order not to magnify the error of the observation by an 
indeterminate time statement, something more precise is desir- 
able. I generally give the time of the beginning and ending 
of the observations, and divide the intermediate in tenths of 
an hour by rough estimates under the several variables. 

I have so arranged the reduction of the observations that for 
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each moment of observation, the light value of the variable 
results in an absolute measure, expressed in grades over an 
arbitrary one, each variable star having a different zero point. 
First of all, the determination of the brightness of the com- 
parison stars is necessary with reference to this zero point, or 
rather, with reference to the faintest of the comparison stars, 
which, if we desire, can be assumed as the zero point. For 
this determination, I use the collected observations of the 
variable, when it was compared with two other stars, I con- 
sider the sum of the grades, by which the variable is estimated 
to be brighter than onestarand fainter than another, as the value 
of the difference in grades of the two comparion stars, and then 
I take the mean of all the grade differences so derived. Only ina 
few cases, and when the comparison stars are of nearly equal 
light, do I ascertain their difference in brightness also from this 
difference. The differences obtained in this manner between 
any two of the comparison stars, I then combine with another, 
and thereby obtain the brightness of each with respect to the 
zero point. I take this occasion to observe that the funda- 
mental unit of the grade is not the same for all the variables, 
but should not be very different. 

After once the brightness of the comparison stars is found in 
numbers, then that of the variable can also be likewise ex- 
pressed. But since as the rule, more stars for comparison will be 
used inevery observation, therefore one obtains more estimates for 
each one. It were now decidedly wrong if we take exactly the 
mean from these various determinations, because, as earlier 
expressed, the smaller differences can be more accurately estim- 
ated than the larger, and also because the grades do not 
always have the same weight. One can obviate this influ- 
ence by assigning weights to the several determinations in 
inverse ratio to the fundamental grade differences. Whereas, 
however, the errors in the estimates themselves are certainly 
not smaller than those in the grade assumptions, and since, 
furthermore, the first named uncertainty may not be exactly 
proportional to the difference; therefore this method of reckon- 
ing would not give the truth and I take the mean from the 
results derived by both methods. But this is done rather by 
a survey than by computation; scrupulous precision being out 
of place here, because both results at most only differ from 
each other by a couple of tenths of a grade, quantities which 
have never been guaranteed. 











Fr. Argelander 155 





I have now used the mean differences in brightness obtained 
from the various observations of the same pair of stars, in 
order to ascertain the accuracy of the estimates, and in the 
beginning, I found the unexpected result that the probable 
uncertainty in the comparison of two stars with each other is 
one half grade, or about the twentieth part of a magnitude. 
From 373 comparisons of two stars used for the variables 
8 Cephei, 8 Lyrae, » Aquilae, and o Ceti, I find that the sum 
of the squares of the residuais of the several determinations 
= $47.59, and therefore the mean error of any one such deter- 
mination = 0.998, the probable error =—0.673. But since the 
intervals between the comparison stars are derived from the 
sum of the differences between the variable and each star, two 
errors are here combined, that arising by the comparison of 
the variable with one star, and by the comparison with the 
other; it must therefore according to the theory of probability 
be divided by the square root of 2,if we wish to obtain the prob- 
able error of a comparison between two stars, and therefore will 
= 0.476 grades. Now this result can only be regarded as com- 
pletely independent and sure, if the magnitudes of the stars are 
entirely unknown at the time of observing the several differences. 
Every knowledge of the same must influence the unity of the 
grade, because one would consciously or unconsciously be influ- 
enced by the known differences. For this reason, I consider that 
the probable error is perhaps too favorable; for although I derived 
it by using only those observations which I had made before the 
numerical determination of the differences between the various 
comparison stars, yet nevertheless even the approximate knowl- 
edge of these differences from the earlier observations must have 
had some influence on the later. But were this influence consider- 
able, it would surely manifest itself, and very great errors would 
be avoided. This is not, however, the case, but errors occur, 
on the contrary, in greater numbers than they should according 
to the theory. In order to acquire more knowledge concerning 
this, I have investigated the observations of the variables 
themselves. For instance, after I had computed tables for the 
light curves of the three stars with short periods, I compared 
the collected observations with these tables. There are 308, 
for which the variable is compared with only one star, and 
these give the sum of the residuals 200.7, whereby the prob- 
able error of a comparison with one star = 0.551, only very 
slightly greater than by the other method. This error might 
yet seem to be over great, because the light changes of the stars, 
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in different periods, appear to be subjected to manifold irregu- 
larities, but also in the case of 6 Cephei, which has the most 
regular light curve of all, it is still 0.5636. On the other hand, 
it is not to be forgotten, that if the variable is compared with 
only one star it is generally either equal, or at the most, about 
one grade brighter or fainter, and these comparisons are the 
surest. Therefore, I have also investigated the observations in 
which the variable was compared with two others, and have 
found the sum from 631 residuals = 390.9, whereby the prob- 
able error 0.524 follows, somewhat smaller than by comparison 
with one star, while it likewise should be divided by the square 
root of 2. It also shows the greater precision of the smaller 
grades. That the probable error of a comparison with more 
than two stars comes out somewhat greater, or = 0.578 from 
the sum 164.9 of 241 comparisons, is only accidental, and 
depends upon the fact, that these comparisons were generally 
made near the maximum (minimum ?) of 7 Aquilae and 6 Lyre, 
when these stars appear to be subjected to the most irregular- 
ities, and when also, on account of their smaller brightness, 
they are indeed more difficult to observe. No matter, then, 
whether the observations are made with one or more stars, if 
the comparisons are only made each time by the correct method, 
the probable error is always nearly the same, and can be taken 
from the sum of all 1180 residuals, to be 
0.542 grades 
and, on account of the already mentioned irregularity in the 
light curve this appears to be rather too great than too small. 
To be Continued. 
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In these days when the colleges are receiving students taught 
by the new methods, which expect all work to be turned into 
play, and nature studies and al) other studies to be prepared 
in predigested form by the teacher, there is need of a new era 
of the glorification of ‘‘dead work.’’ Larger numbers oi stu- 
dents both in the men’s and women’s colleges ought toelect at 
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least an elementary course in astronomy for information and 
culture. This is worth while, if only to save them from the 
“provincialism’”’ which characterizes many persons of intelli- 
gence, who knowing nothing of the universe outside this planet 
live in the pre-Copernican age, and believe sun, moon, and stars 
only created to give light and heat to the earth. 

Students who elect astronomy, be their numbers large or 
small, must not find it a “snap course,’ and be relieved from 
“dead work;’’—this all the more, because some take the subject 
with a vague longing to solve the problems of the universe 
and very little desire to take the necessary steps to do it. 

Only ‘dead work’ will give a knowledge of the foundation 
principles of the laws of gravitation, of the doctrine of the 
sphere, of the laws of planetary motion, of the basic ideas 
which make a chemistry of the stars possible. 

The bare principles involved in all these far reaching depart- 
ments of Astronomy are Jaid down in every good text-book, 
but college students should not be allowed to think the text- 
book the ultimate authority. They should know the sources 
from which the statements of the text-book are obtained, and 
a few examples at least should mike them realize how by the 
expenditure of thousands of thoughts, and thousands of dollars, 
through thousands of years of patient toil the facts often 
summarized in a single paragraph have been obtained. 

The libraries of the generation past have been characterised 
as a kind of cold storage for books, and the librarians as drag- 
ons to prevent them from being brought into the warm day- 
light by any but the elect scholar. In these days libraries are 
recognized to be the laboratories of the ‘humanities’? and 
student readers crowd their alcoves. 

The sciences, Astronomy among them, deal with books as 
well as with apparatus, but the books are too little used except 
by the advanced specialists. Great advantage would be gained 
if the best books of an Astronomy library were considered none 
too good forthe intelligent handling of the first year students:— 
in the Astronomical library as well as in the dome and under 
the open sky should be created the atmosphere in which the 
science is pursued. 

To this end a scheme of work more frequently used in literary 
subjects than in scientific has been found valuable, and experi- 
ence has shown that doing things in a thoroughly interesting 
way does not hurt the absolute science but adds to the obvious 


advantages of scientific study other advantages not usually 
accorded to it. 
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In the last term of the year, after much of the ‘dead work”’ 
of an elementary course has been done, it has been found by 
experience that one of the exercises of the week may well be 
given at convenient intervals to a series of special topics or 
little lectures worked up and given before the class by the 
students themselves. 

Most large classes are divided into sections for quiz work 
and in these divisions the same program of topics may be 
assigned for the week. 

A paper handed to the student contains the bibliography of 
his subject with possibly a suggestive rough outline. He is 
expected to work it up in the library, to give it before the class 
with scant use of notes, and to hand to the instructor his 
syllabus and a few questions covering the more important 
points, these questions to be used later to test the attention 
of the class. The work is rated for outline, i.e. whether salient 
points have been seized or time consumed on unimportant 
details; for form; manner of delivery; keeping to time allowance, 
etc. To say just enough and not too much, to make every 
moment tell is important in fine discourse. 

A few sample topics will give concrete form to these suggestions. 
The lecturer may well leave to this part of the course the 
history of Astronomy. An outline should be given which each 
member of the class records in his notebook something as 
follows:— 

I. Earliest ideas of Astronomy;—Astronomy of the Chal 
deans, Chinese, Hindus, Egyptians, Greeks. 

II. Astrology, the Servant of Astronomy. 

III. Dawn of Exact Science;—the work of Hipparchus 140 
B.C., of Ptolemy 140 A.D., the Almagest. 

IV. Modern Astronomy, a series of biographical topics:— 
Tycho, Copernicus, Kepler and Galileo, Newton. 

V. Mathematical work of verification and deduction, a set 
of biographical topics:—LaGrange and LaPlace and the Mech- 
anique Coeleste, Mary Somerville and the Mechanism of the 
Heavens, Adams and LeVerrier, the discovery of Neptune. 

VI. Sidereal Astronomy:—The Herschels,—Sir William, Sir 
John and Caroline. 

VII. The new Astrophysics:—Sir William and Lady Huggins. 

Any good library contains works which furnish material for 
working up these subjects, like Dreyer’s Life of Tycho Brahe, 
Lodge’s Pioneers of Science, Clerke’s The Herchels and Modern 
Astronomy, Proctor’s Myths and Marvels, Lockyer’s Dawn 
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of Astronomy, lives of Mary Somerville, Caroline Herschel, etc. 

Moreover Bowditch’s translation of the Mechanique Coeleste, 
Mary Somerville’s ‘boiling down” of the same, The Mechan- 
ism of the Heavens, the English translation of Galileo’s Sidereal 
Messenger, Copernicus’ great work and other epoch making 
treatises may well be shown to the class in illustration of the 
papers, as well as to give a due but not discouraging knowledge 
of how much there is to know beyond. 

Students in corresponding literary courses often choose topics 
which show the prevailing ideas of astronomy at different 
epochs of the world such as:— 

The Astronomy of the Bible, 
The Astronomy of Homer, 

The Astronomy of Shakespeare, 
The Astronomy of Milton. 

It will be recognized that there are books like the Astron- 
omy of the Bible by Schiaparelli or Maunder, and also 
magazine articles which may help to work up these subjects, 
but the students enjoy independent study. 

Topics may be chosen to show the relation of the development 
of Astronomy to the invention of instruments and mathemat- 
ical processes, also magazine articles on the making of glass and 
the moulding of lenses are helpful. Indeed it is a good practice to 
file in a library magazines containing resumés by experts of a 
popular but exact nature. They are of use in the departments 
of science and they are also a help when, as is frequently the 
case, the English department sends its students for material to 
work on subjects related to the science courses. The astrono- 
my department has found it quite worth while to codperate 
in this, as students who take an Astronomical topic are quite 
apt to be found on the next years class list. 

Topics selected toshow the immense labor and expense incurred 
to find out astronomical truth are always sure to interest. 
A student who has considerable knowledge of Physics can 
make quite thrilling an account of Langley’s first expedition 
to Mt. Whitney to find the ‘Solar Constant,” Mrs. Gill’s book, 
Six Months on Ascension Island, furnishes interesting material 
for a topic to show what stands behind the brief statement of 
the value of the parallax of the sun from observations on Mars. 
Every library has abundant material from which to work up 
accounts of eclipse expeditions or the histories of great observa- 
tories and their work. 
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Finally the last of the year there is sufficient background for 
special studies cf celestial objects from original monographs, 
such as Halley’s or Biela’s comet, the great nebula in Orion, 
the Pleiades. 

This article is only intended to be suggestive. No teacher 
can twice conduct a course alike, the individuality of a class 
is a potent factor. 

In conclusion it may be remarked that there are other things 
not strictly astronomical to be gained by the exercises here 
advocated. The class is wide awake and listens scmetimes, for 
a change, with keener interest to the performance of a fellow 
student than to the instructor, who out of a full mind discourses 
on the same things; also the teacher is entertained by a certain 
amount of this work and gains new insight in reference to the 
personality of his student, for the same topics worked up 
from the same sources in the two parallel divisions of the class 
possess great individuality, one student infusing vitality into a 
subject which another makes dull and lifeless. Here individual 
conferences with the less successful students afford help. 

College students are often criticised as inarticulate or greatly 
limited in power of expression. The English department is 
constantly appealing to the other departments for codperation 
in connection with written and spoken work to help to remove 
this stigma. Perhaps a by product of this pedagogical method 
may be a slight contribution to this fundamental need. 

Wellesley College, Jan. 1912. 





A MODERN LOOK AT THE UNIVERSE. 





HENRY OLERICH. 





Continued from page 108. 
HyYPoTHETICAL ETHEREAL MEDIUM. 


Science postulates the existence of an ethereal medium, which 
is supposed to fill all space and pervade all matter. It is 
generally believed by modern scientists that this hypothetical 
ethereal medium is imponderable; that it offers no resistance to 
matter, energy and motion. 

There are a number of facts and phenomena that seem to 
justify the belief in some such imponderable medium; as for 
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instance, a medium in which light and wireless telegraphy 
travel. However, science has so far not discovered any direct 
proof of the existence of such an imponderable medium. 





FIGURE 20 


This diagram shows that if the Ethereal Medium exists, and if it 
impedes motion even in the slightest degree, then after contraction of 
the earth practically ceases, the rotary velocity of the earth and other 
planets must slowly diminish, then come to a standstill, and finally 
begin rotating in the opposite direction with an ever increasing rotary 
velocity because the outer half of the earth revolves in a larger circle, 
and therefore comes in collision with more of the impeding particles of 
ether. The earth as wellas all the other members of the solar system, 
must then also gradually revolve spirally into the sun. 

The questions to be considered then are: first, whether or not 
the hypothetical medium does really exist; and secondly, if it 
does exist, whether or not it offers any resistance to matter in 
motion. Ifthe medium in any way impedes motion, no matter 
how slightly, that resistance must finally counteract all planet- 
ary and satellitious motion; for planets and moons will then 
have to revolve in slightly spiral orbits, and this must eventu- 
ally bring them all in collision with their primaries. 
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It was formerly thought by some physicists that these col- 
lisions would produce sufficient heat to redistribute the matter 
and motion of the solar system to their original extent; but 
this theory is now practically abandoned. The late Professor 
Newcomb says: “All the heat that could be generated by a 
fall of all the planets into the sun would not produce any 
change inits constitution, and would only last a few years.” 

If the hypothetical ethereal medium exists and offers any 
resistance to motion, then the moons and planets will, in the 
distant future, not only revolve spirally into their primaries; 
but after their contraction ceases, their rotary motion must 
then also gradually diminish, then stop, and finally begin to 
rotate on their axes in the opposite direction with ever increas- 
ing velocity because, as shown in illustration No. 20, the outer 
half of the surface of that planet revolves in a larger orbit, 
and therefore comes in continuous collision with more parti- 
cles of the impeding ether than does the inner half of its surface, 
which revolves in a smaller orbit. 

Thus we can plainly see that the ultimate destiny of the 
universe would be vastly different in case the hypothetical 
ethereal medium should prove to offer even the slightest imper- 
ceptible resistance to matter in motion. But as yet nothing 
is definitely known on these important points, so that the 
perfection of these inquiries must be left for future scientific 
researches. Personally I am quite skeptical as to the existence 
of such an imponderable medium, so that I have not yet fully 
formulated a definite opinion as to whether heat, light, wireless 
telegraphy, gravitation, etc., require a *‘Medium”’ of any kind 
in which to travel; or whether they can travel in ‘“‘empty 
space” or “absolute vacuum’’. On this point, I am still wait- 
for more reliable proof. 


REVOLUTIONARY SYNCHRONIZING FORCES. 


According to the theory of the Nebular Hypothesis, the solar 
and planetary rings are shed at long intervals from their ever- 
increasing rotary primaries. Hence it is not difficult to under- 
stand that the inner particles A, Eand F of such a revolving 
nebulous ring (Fig. 21) must at first not only complete a revo- 
tion in less time, but must even have a greater orbital velocity 
than the outer particles B, C, D, and G of the broad ring have, 
. notwithstanding the fact that the latter revolve in a much 
larger orbit. 
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But to keep up this faster motion of the inner particles 
requires a continuous expenditure of energy by ‘‘friction’’ and 
by having the inner particles moving continuously against the 
current of attractive forces. For instance, the particle A isnow 
in stable rotary equilibrium with B, C, and D as wellas with 
all other particles of the ring as long as it completes a revolu- 
tion in the same time as B does. But as long as A moves 
faster toward E (more degrees of arc) than B does it must be 
forced against the stream of predominant attraction by its 
own inertia, which must continue to diminish the momentum 
of the inner fast particles until A and B complete a revolution 
in the same time; for that long will the attractive force of B 
continue slightly to diminish the angular velocity of E, and 
the attractive force of E correspondingly augment the angular 
velocity of B, so that in time A and B must revolve in the 
same time and then B has a greater orbital velocity than A, 
because its orbit is larger. 





FIGURE 21. 


REVOLUTIONARY SYNCHRONISM. 
S represents the sun. The other letters represent particles of matter 
in a revolving nebulous ring, shed from an ever-increasing rotary sun 
or planet. 
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A look at the particles composing a section of the revolving 
ring, marked F andG (Fig. 21) enables us to understand that as 
long as the inner particles at F complete a revolution in less 
time than do the outer particles at G, that long must the inner 
particles, not only go against attractive forces as we have seen, 
but there must also result a further synchronizing tendency 
from friction of unequally moving particles and molecular 
collisions, which must continue until the inner and the outer 
particles, as well as all the intermediate ones, complete a revo- 
lution in the same time. There can be scarcely any reasonable 
doubt but that these synchronizing forces are ceaselessly at 
work and produce their mechanical results in the revolving 
rings, if the rings originated in accordance with the theory of 
the Nebular Hypothesis. 

Ifthe foregoing explanations are sound, as they appear to 
be, then, we can readily understand that during the earlier 
history of the ring, the inner particles of the revolving ring 
must have a greater orbital velocity than the outer ones have. 
Such we know is still the case in Saturn’s rings. If at this 
early stage of the ring’s history, an inner fast particle and an 
outer slow oneshould gravitate inclose proximity by their mutu- 
al attraction, they would then have to rotate on their common 
axis in retrograde direction in conformity with the first law 
of motion, and the velocity of rotation would be proportional 
to the difference of their respective orbital velocities; and the 
same would, no doubt, happen if all the particles or the 
whole ring concentrated into a spherical planet or moon at 
this early stage of the ring’s separate existence. Such a stage 
of early ring concentration into aspherical planet, may, atsome 
future time, shed interesting light on the apparent retrograde 
revolution of Neptune’s satellites or of the ninth satellite of Saturn. 

If the inner and outer particles should unite later in the history 
of the ring; say, at the time when the synchronizing forces had 
reduced them to an equal orbital velocity, they would then be 
held together by their mutual attraction but would not rotate 
on an axis. Of this stage our moon, which has always the 
same side turned toward the earth, seems to be a good case 
in point, 

Ata stilllater period when A and B revolve in synchronism, 
a close union of the two would cause them to have direct rota- 
tion, because B has then a greater orbital velocity than A, 
because B revolves in a larger orbit and completes a revolution 
in the same time that A does, and the same direct rotation 
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would, no doubt, result if all the particles composing the ring 
should thus unite into one spherical planet or moon during this 
later stage. In all probability, this is the stage during which 
most if not all the large rings break up and form into planets. 
Our earth, Mars, Jupiter, Saturn, etc., are good examples of this 
direct rotation. The foregoing principles of rotation, therefore, 
seem to be in good accord with the ring theory of the nebular 
hypothesis and may produce all grades and velocities of rota- 
tion—retrograde, stationary, and direct; fast or slow. 


ENDLESS RECURRING CYCLES OF INTEGRATION 
AND DISINTEGRATION. 


Let me here reiterate and emphasize the fact that the Nebu- 
lar Hypothesis deals primarily with a long, long period of 
preponderating integration of matter and motion—a long 
period of condensation. It begins with a time when the matter 
and energy were quite evenly distributed throughout space. 
But by reason of slightly denser points at certain localities, 
the matter there began to gravitate into huge nebulous masses, 
which assumed spherical forms, and in consequence of the 
unequal velocities of the gravitating particles, the nebulous 
mass acquired a slight rotary motion, which ever continued 
to increase in obedience to the mechanical law known as the 
Conservation of Areas. 

This ever increasing rotary motion separated the nebulous 
mass or primitive sun into planets, moons, etc., that constitute 
our present solar system. As we have seen, all these separate 
bodies have by reason of radiating heat become continually 
cooler, smaller, and denser. As before intimated, this has, 
therefore, been chiefly a long period of condensation, of grow- 
ing older. How long this concentrating process will yet con- 
tinue, no one seems to be wise enough to estimate with any 
degree of certainty; but that it cannot last forever is quite 
certain; so that a time must come in the distant future when 
the sun, planets, and moons cease shining; when the whole 
solar system will be cold, dark, dense, and old; as we see already 
exemplified in our moon, and also perhaps in the planet Mars. 

But does it seem reasonable that this old, cold, and dark 
wreck of worlds will forever continue to revolve and rotate in 
acold, barren, dark, silent vacuum? Without atmosphere and 
ocean; without a vegetable and an animal kingdom; without a 
single flower to perfume and embellish the once beautiful and 
life-teeming worlds; without one thrill of love to gladden the 




















166 A Modern Look at the Universe 





hearts of fond lovers; without one prattling babe bringing joy 
and affectionate caresses to its solicitous parents; without one 
conscious mind to scrutinize and enjoy the workings of nature? 
Are there any known analogies in the workings of nature that 
warrant the belief that such an eternal gloom and chaos must 
eventually and forever end all; not only in this beautiful sun 
and worlds composing our own solar system, but also of the 
vast wilderness of other suns and, nodoubt, solarsystems, likely 
inhabited by sentient beings, with which we are distantly 
surrounded on every hand? Such would, indeed, be a pessi- 
mistic view; a view radically at variance with the apparent 
unity, continuity, and ceaseless activity of nature that is daily 
manifesting itself around us; for nature everywhere seems to 
be always busy making the new old, and the old new again; 
whether in a tiny molecule, a vast solar system, or the universe 
at large. In support of this rejuvenating principle, let me here 
cite the well-known case of Roger Williams, the founder of 
Rhode Island. 

Roger Williams died in 1683. He and his wife were buried 
in his private burying-ground. A hundred years later when 
excavating for the foundation of a monument, it was found 
that everything had passed into oblivion. The shape of the 
coffins could only be traced by a black line of carbonaceous 
matter. The rusted hinges and nails, and a round wooden 
knot, alone remained in one grave; while a single lock of 
braided hair was found in the other. Near the grave stood an 
apple tree. This had sent down two main roots into the very 
presence of the coffined dead. The larger root, pushing its 
way to the precise spot occupied by the skull of Roger Williams, 
had made a turn, then followed the direction of the backbone 
to the hips. Here it divided into two branches, sending one 
along each leg to the heel, when both turned upward to the 
toes. One of these roots formed a slight crook at the knee, 
which made the whole bear a striking resemblance to the 
human form. These roots are now in the Museum of Brown 
University. 

There were the graves, but their occupants had disappeared; 
even the bones had vanished, and the rusting hinges and 
nails were slowly crumbling to dust. There stood the thief 
—the guilty apple tree—caught in the very act of robbery. 
The spoliation was complete. The organic matter—the 
flesh, the bones, of Roger Williams—had passed into an apple 
tree. The molecules, atoms, and electrons of the elements had 
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been absorbed by the roots, transmuted into woody fibre, 
which could now be burned as fuel, or carved into ornaments; 
had bloomed into fragrant blossoms, which had delighted the 
eye of the passers by, and scattered the sweetest perfume of 
spring; more than that—had been converted into luscious fruit, 
which from year to year had been gathered and eaten. How 
pertinent, then, is the question, ‘‘Who ate Roger Williams ?”’ 
This clearly shows how nature is always busy making the 
new old, and the old new, forever passing through recurring 
cycles of transmutation from which no known substance, or- 
ganic, or inorganic, large or small seems to hold immunity from 
the “ravages of time.”’ 

Thus we may see that nothing is really lost or destroyed in 
the ever recurring transmutation process of matter, energy and 
motion. No doubt, all the electrons that ever composed Royer 
William’s body at any period of his life or at his death, whether 
muscle, bone, or brain cells that evolved his mentality, have 
existed and acted in some other form and capacity ever since 
they left his body, whether as breath while living, or after 
death by chemical disintegration. How widely they have since 
scattered over the face of the earth, and through how many 
different phases of existence, they have since passed, no one 
can correctly estimate. But in all their various forms and 
functions, they have, no doubt, always carried within them- 
selves all their potency of form and function. When they united 
and coéperated with others to form a stomach, they could 
digest; when an eye, they could see; when a cloud, they could 
rain or snow; when a flower they could perfume; when a lover 
they could thrill the sweetheart; and when a human brain, they 
could feel, think, and reason. And through how many billions 
of transmutations they passed during the eternity before they 
became a part of Roger Williams is beyond the power of com- 
putation. Science knows of no form of existence—physical or 
psychical—that does not have its roots grounded in these ultim- 
ate particles of matter—molecules, atoms, and electrons. 
Wherever they are absent, there we have reason to believe 
is empty void; wherever they are present, there seems to 
be eternal existence and ceaseless activity. 

Hence, according to the doctrine that matter, energy and 
motion are eternal as science teaches, these ultimate particles 
that once gave life, joy, and consciousness to Roger Williams 
are still all active somewhere; and in this sense, it may be said 
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that science has demonstrated the physical and mental immor- 
tality, not only of man, but also of all other organic beings. 
It seems to be merely a question of chemical combination— 
a question of integration and corresponding disintegration; 
and the one is, no doubt, as natural and as essential to the 
maintenance and harmonious workings of an eternal universe 
as is the other. 

As before stated, science teaches that the matter, energy and 
motion of the universe are eternal and invariable. If this be 
true, and all scientific research seems to point that way, then 
must it not also be true that our solar system, as well as all 
other stellar systems, no matter how large and how remotely 
located, must have ere now passed through the transmutation 
cycle from integration to disintegration and then back again 
from disintegration to integration countless billions of times, 
even if the duration of each recurring cycle requires for its com- 
pletion more than a thousand billion years. So far, however, 
no one seems to know how long the integration forces will yet 
predominate over the disintegration forces, and by what law or 
laws the turn from the one to the other takes place, if at all, 
and that such a time must finally come seems inevitable with 
an eternal universe. 

Hence, it seems probable that a time in the distant future, 
perhaps hundreds of millions or thousands of billions of years 
hence, will come when these infinitesimally small ultimate par- 
ticles of matter composing the then superannuated solar system 
will, by some process of radioactivity not yet fully understood, 
overcome the present predominating integration forces, so that 
our solar system will in the reverse order begin to redisseminate 
itself to its original volume and temperature, with which the 
nebular hypothesis starts out asa primordial mist; thus for- 
ever starting anew, swinging backward and forward on a 
stupendous scale through the eternal, recurring cycle of integ- 
ration and disintegration, the same as we see in miniature in 
the cases of the growing and decaying radish, the invisible 
vapor and liquid water of the river system, and the physical 
and psychical growth and dissolution of Roger Williams as 
before suggested. 








To be Continued. 
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THE OCCULTATION OF VENUS APRIL 15 1912 
AS VISIBLE IN THE UNITED STATES. 


Wm. F. RIGGE 





The occultation of Venus on April 15, 1912, will be visible 
only in a part of Florida and Georgia. On the annexed map 
the line running from the middle of the Gulf of Mexico north- 
eastward past the shore of South Carolina, is the northern 
limit of the occultation, on which Venus will be seen to graze 
the Moon’s limb. The numbers 20, 30, 40, 50, on this line 
give the minutes after noon, central time, the 1 being 1 o’clock. 
The three full lines below, marked 12:20 to 12:40 show the 
beginning of the occultation, and the three broken ones, 1:10 
to 1:30, its end. More lines were not drawn because they 
would have congested the map too much. 
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The curve running from Texas through Arkansas, Ohio and 
New York, connects the places at which Venus will be seen at 
the distance of half a lunar semidiameter (nearly 8’) from the 
Moon’s limb, so that observers between this line and the limit 
line, or even outside of the former, may have some idea as to 
how close Venus will appear to them to come to the Moon. 
The 12:00 on this line is noon, central time, the other numbers 
being the minutes after that hour. 

The present occultation of Venus, and those of Mars of last 
January 1 and 28, are the only planetary occultations of the 
year visible anywhere on earth. 


Creighton University Observatory. 
Omaha, Nebr. 
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THE SOLAR ECLIPSE OF APRIL 17, 1912 
AS VISIBLE IN THE UNITED STATES. 





Ww. F. RIGGE. 





The solar eclipse of April 17, 1912, will be visible only in the 
eastern part of the United States, and even there only partially 
and under unfavorable circumstances. In the accompanying 
map the lines denoting the beginning, middle and end of the 
eclipse at sunrise need no explanation. The lines marked 
0,1, 2,3, 4, 5, mean that the corresponding number of tenths 
of the sun’s diameter will be obscured at the time of sunrise. 
This obscuration will be on the decrease at that time for places 
west and south of the Middle Line. It will be on the increase 
for places east and north of this line, and will reach the mag- 
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nitude denoted by the lines marked 2, 3, 4, which run northeast 
from this Middle Line and at right angles to it. The New 
England states (except a part of Connecticut) and a portion 
of New York will be the only part of the United States in which 
the eclipse will be visible completely, that is to say, in which 
the beginning, middle and end will all take place after sunrise. 
The magnitude however will be less than three tenths. West 
of the line running through Minnesota, Iowa, Missouri, Missis- 
sippi and Alabama the eclipse will not be visible at all. 


Creighton University Observatory. . 
Omaha, Nebr. 
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PLANET NOTES FOR APRIL, 1912 


~“* 





Cc. H. GINGRICH 





The sun will move northward during this month at the rate of about 20’ 
daily, reaching the declination + 15° 3’ on April 30. 
The phases of the moon for this month are as follows: 


Full Moon Apr. 1 at 4p.m. C.S. T. 


Last Quarter 9 9A. M. 
New Moon | Ai Fee 
First Quarter 24 “ 2a.M. 


Mercury, at the beginning of the month, will be about one hour east of 
the sun. At this time it will be about ten degrees north of the sun and for 
this reason may be visible for a short time near the horizon just after sunset. 
It will be moving westward after April 4 and, as the sun is moving eastward, 
will soon be lost in the rays of the sun. It comes into inferior conjunction 
with the sun on April 14. It will continue to move westward until April 27. 
At this time it will again be more than an hour from the sun, but it will be so 
far south that it will rise only a short time before the sun, and will hardly be 
visible in the morning. 


Venus will move eastward a little more rapidly than the sun during this 
month, but it will be more than an hour west of the sun all the time. It will 
be too far south at the beginning of the month for observation, and although 
it moves northward nearly fourteen degrees during the month it will still 
be unfavorably situated for observation. 


Mars will continue to move eastward but not so rapidly as the sun. It 
will, however, be very well situated for observation, being very high above 
the horizon at sunset even at the end of the month, It is moving away from 
the earth very rapidly and will be about 25,000,000 miles farther away at the 
end of the month than at the beginning. 


Jupiter will be a little beyond the meridian at sunrise during this month. 
It has a small retrograde motion during the month. It will rise earlier each 
night and will be coming into more favorable position for observation before 
midnight. 


Saturn will be rather low in the west at sunset. At the beginning of the 
month it will be visible near the horizon, but at the end of the month it: will 
be lost in the twilight. 


Uranus will be visible in the southeast in the evening. It will be on the 
meridian at sunrise on April 23. 


Neptune on account of its great distance changes its position in the sky 
very slowly. It moves less than a minute of time eastward during this month. 
It is in the constellation Gemini, and will be in quadrature, 90 degrees east of 
the sun, on April 10. It will then be on the meridian at sunset and in very good 
position for observation. 
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Date 
1912 


Apr. 


——. 
SOUTH HOPIZON 


THE CONSTELLATIONS AT 9:00 Pp. M. APRIL 1, 1912. 


Occultations visible at Washington. 


Star’s Magni- 
Name tude. 


164 B Librae 6.0 
177 B Librae 6.2 
42 Librae 5. 
a Scorpii .. 
116 B Scorpii 6. 
154 BCapricorni 6. 
36 Tauri 5. 
134 B Gemin. 6. 
» Cancri 5. 


OUIDRMNO 


IMMERSION. 
Washing- Angle 
ton M.T. f'm N. 
h m od 
12 07 106 
13 20 62 
14 50 196 
11 19 150 
12 14 128 
15 24 60 

9 30 10 
10 42 175 
10 58 153 


EMERSION. 
Washing- Angle 
ton M.T. f'mN 

m ° 

13 24 315 
138 52 7 
15 O08 220 
12 14 260 
13 28 282 
16 35 262 

9 46 335 
Ak Ot 216 
11 42 253 


ooorrocoors 
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Phenomena of Jupiter’s Satellites. 
Central Standard Time. 


1912 h = h m 
Apr. 1 12 41 I Oc. Re. Apr.16 12 28 I Sh. Eg. 
3 i627 6 6. Be 18 25 I Tr. Eg. 
3 12 48 III Sh. Eg. 17 10 44 II Oc. Re. 
16 22 III Tr. In. 18 15 41 II Sh. In. 
17 16 III Tr. Eg. 20 9 53 II Ec. Dis. 
4 12 46 II Tr. In. 14 16 II Oc. Re. 
13 11 II Sh. Eg. 21 10 49 III Ec. Re. 
15 24 II Tr. Eg. 12 30 III Oc. Dis. 
7 13 6&3 I Sh. In 14 22 III Oc. Re. 
14 57 : Te. ie, 22 15 08 I Ec. Dis 
16 O6 I Sh. Eg. 23 12 O9 I Sh. In 
17 10 I Tr. Eg. 12 59 I Tr. In. 
8 11 16 I Ec. Dis. 14 22 I Gh. Eg. 
14 30 I Oc. Re. 15 11 i Te. Ee. 
9 11 37 Ll Is. Be. 24 12 31 I Oc. Re. 
10 14 46 III Sh. In. 25 9 38 1 Tr. Eg. 
16 47 III Sh. Eg. 27 12 28 II Ec. Dis. 
11 18 O06 II Sh. In. 28 12 58 III Ec. Dis. 
15 10 II Tr. In. 14 49 III Ec. Re. 
15 45 II Sh. Eg. 15 57 III Oc. Dis. 
13 11 54 II Oc. Re. 29 10 12 II Sh. Eg. 
14 10 51 III Oc. Re. 11 39 Il Tr. Eg. 
15 47 II Sh. In. 30 14 02 I Sh. In. 
156 13 lv I Ec. Dis. 14 45 L Tr de. 
16 18 I Oc. Re. 16 15 I Sh. Eg. 
16 10 15 I Sh, In. 16 57 I Tr. Eg. 
11. 12 : Er, 2m. 
Note.—In,, denotes ingress; Eg., egress; Dis., disappearance; Re., reap- 


pearance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; Sh., 
transit of the shadow. 





VARIABLE STARS. 





Approximate Magnitudes of Variable Stars on Feb. 1, 1912. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 





Name. R. A. Decl. Magn. Name. R.A. Decl. Magn. 
1900. 1900. 1900. 1900. 
h m . 7 h m 6 ? 

X Androm. O 10.8 +46 27 <13 YAndrom. 1 33.7 +38 50 10.81 
T Androm. 17.2 +26 26 8.3 X Cassiop. 49.8 +58 46 11.5d 
T Cassiop. 17.8 +55 14 12.3. R Arietis 2 10.4 +24 35 9.51 
R Androm. 18.8 +38 1 6.4 W Androm. 11.2 +43 50 9.6d 
Y Cephei $1.3 +79 48 <12 ZCephei 12.8 +81 13 <13 
U Cassiop. 40.8 +47 43 8.4 0 Ceti 143 —- 3 26 9.6 
RW Androm. 41.9 +32 8 10.0d RR Persei 21.7 +50 49 <13 
RR Androm. 459 +33 50 11.47 U Ceti 28.9 —13 35 8.5 
RV Cassiop. 47.1 +46 53 9.3. RR Cephei 29.4 +80 42 12.0 
W Cassiop. 49.0 +58 1 8.8 R Triang. 31.0 +33 50 10.2d 
U Androm. 1 9.8 +40 11 12.07 W Persei 43.2 +56 34 9.5 
— Androm. 10.4 +41 12 10.8 U Arietis 3 5.5 +14 25 9.47 
S Cassiop. 12.3 +72 5 9.7d XCeti 14.3 —1 26 9.4 
S Piscium 12.4 + 8 24 <12 Y Persei 20.9 +43 50 10.1 
RZ Persei 23.6 +50 20 13.2 R Persei 23.7 +35 20 <12 
R Piscium 25.5 + 2 22 8.0 R Tauri 4 225 +9 56 9.0 
RU Androm. 32.8 +38 10 11.9d W Tauri 22.2 +15 49 11.0d 
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Approximate Magnitudes of Variable Stars on Feb. 1, 1912. 


Name. 


h 
S Tauri 4 
‘fT Camelop. 
RX Tauri 
X Camelop. 
V Tauri 
R Orionis 
R Leporis 
V Orionis 5 
R Aurigae 
S Aurigae 
S Orionis 
S Camelop. 
U Aurigae 
SU Tauri 
V Camelop. 
Z Aurigae 
V Monoc. 6 
U Lyncis 
S Lyncis 
R Lyncis 
V Can. Min. 
R Gemin. 
R Can. Min. 
S Can. Min. 
U Can. Min. 


a 


R Cancri § 


V Cancri 

RT Hydrae 

T Hydrae 

T Cancri 

Y Draconis 9 
R Leo. Min. 

R Leonis 

R Urs. Maj. 10 
W Leonis 

S Leonis 2 
RU Urs. Maj. 
T Can. Ven. 12 
T Urs. Maj. 
RS Urs. Maj. 

S Urs. Maj. 

T Urs.Min. 13 
U Urs. Min. 14 
S Bodtis 

R Camelop. 

R Cor. Bor. 15 
X Cor. Bor. 

W Cor.Bor. 16 
R Draconis 


owwrf oP co ® bt tS an 
SHA SAEISSEARSSSOSASTNN: 
HODNOSOUNENOODIMDEH AWK INXROAbW 


Cho Sp Oh 
COP ORIN 


+34 
+11 
+69 
+14 
+ 6 
+39 
+32 
+60 
+59 
+61 
+73 
+67 
+54 
+84 
+28 
+36 
+38 
+66 


58 


16 
ae 
28 
35 

3 
58 


Continued. 


Magn. 


<13 
8.5 7 
12.517 
11.4 
13.2 
10.1 7 
coe 
12.: 
12. 


mst 
waMows- 
“ 


9.2d 
9.4d 
7.81 
11.3d 


8.97 
10.3 7 


Name. 


h 
S Herculis 16 
R Ophiuchi 17 
V Draconis 
W Draconis 18 
X Draconis 
W Lyrae 
RY Lyrae 
Z Lyrae 
S Lyrae 19 
UDraconis 


i TZ Cygni 


U Lyrae 
R Cygni 
TU Cygni 
X Cygni 
Z Cygni 


i RSCygni 20 


SX Cygni 

V Sagittae 

U Cygni 

ST Cygni 

S Delphini 

T Delphini 

V Delphini 

RZ Cygni 
RVulpeculae 
TW Cygni 21 
X Cephei 

R Equulei 

T Cephei 

S Cephei 

V Pegasi 

RT Pegasi 

T Pegasi 22 
Y Peyasi 

RS Pegasi 

S Lacertae 

R Lacertae 
RW Pegasi 22 
RPegasi 23 
V Cassiop. 


i S Pegasi 


ST Androm. 
Z Cassiop. 
RR Cassiop. 
R Cassiop. 
Y Cassiop. 
SV Androm. 


a 


NN 
of 


oa 
Ee ol a 
is) 


IF ODAOPAWOCOTREAN 


> Oe 
DANwDWHAROHOM NDE 


Dw oo wo rg 


DD NITDAROMDWDPAAODOUNPOAWOS 


cron on cn & Go eo tS oO Co 
ODWOOHANKODEPIRKOD 


Decl. 
1900. 
oO , 


-+15 
—15 
+54 
+65 
+66 
+36 
+34 
+34 
+25 
+67 
+50 
+37 
+49 
+48 
+32 
+49 
-+38 
+30 
+20 
+47 
+54 
+16 
+16 
+18 
+46 
+23 
+29 
+82 
+12 
+68 
+78 
+ 5 
+34 
+12 
+13 
+14 
+39 
+41 
+14 
+10 
+59 
+8 
+35 
+56 
+53 
+50 
+55 
+39 


13 


50 
7 
33 


10.5 


19.27 
10.47 


wo 10 9 ~1 


« « Pee Pee c 
COA OCOD Oe 


SBA 


The letter i denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled at the Harvard College 
Observatory from observations made by the following observers:— W. N. Bixby, 
C. E. Furness, Edward Gray, M. Harwood, F. E. Hathorn, W. P. Hoge, C. J. 
Hudson, S.C. Hunter, M. W. Jacobs, Jr., W. T. Olcott, P.G. O'Reilly, P.R. 
Sutton, H.M. Swartz, David Todd, H.W. Vrooman, I.E. Woods. and A.S. Young. 
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Minima of Variable Stars of the Algol Type. 


(Calculated by Mary H. Wilson at Goodsell Observatory.] 





Given to the nearest hour in Greenwich mean time; to obtain Eastern 
Standard time subtract 5"; Central Standard 6°, etc. 


Star R. A, Decl. Magni- Approx. Greenwich mean times of 
1900 1900 tude Period minima in April 1912 

h m ° , d h d h d h d bh d h 
SY Androm. 0 08.0 +43 09 9.5—13.0 34 21.6 14 23 
UU Androm. 38.5 +30 2410.7—11.9 111.7 1 4; 7 3;13 1; 2423 
U Cephei 0 53.4 +81 20 7.1— 9.2 211.8 4 4 9 3;19 3; 29 2 
Z Persei 2 33.7 +4146 9.4—12. Ure 21; 7 &18 7: 2699 
RY Persei 39.0 +47 43 8.0—10.3 620.7 7 5; 14 2; 20 22- 2719 
RZ Cassiop. 39.9 +6913 64— 7.8 104.7 3 3; 9 3:15 2:21 1 
ST Persei 53.7 +388 47 8.5—10.5 215.6 6 7; 1114;16 20; 22 4 
RX Cephei 2 58.8 +6711 8.6— 9.1 32 07.6 2117 
Algol 3 01.7 +40 34 2.3— 3.5 220.8 114;13 2;:1819; 2413 
RT Persei 16.7 +4612 9. —11. O204 2 2:12 7:17 & 2312 
X Tauri 55.1 +1212 3.4— 4.5 322.9 516; 1313; 2111; 29 9 
RW Tauri 3 57.8 +27 51 7.1—<11 218.5 6 8; 11 21; 22 23: 2812 
RV Persei 4 04.2 +33 5910.6—12.8 123.4 421; 1019; 2215; 2813 
RW Persei 13.3 +42 04 8.8—11.0 13 04.8 10 8; 231383 
RS Cephei 4 48.6 +80 06 9.5—12.2 12 10.1 4 Ft SOF 
RY Aurige 5 11.5 +388 13 10.7—11.7 217.5 318; 9 5:20 3: 2514 
RZ Auriga 42.9 +31 4010.6—13.3 300.3 413; 1013; 2214; 2815 
SV Gemin; 54.6 +24 28 9.8—<11 400.2 222; 10 22:18 23; 26 23 
RW Gemin. 5 55.4 +23 08 9.5—-11.0 2 20.8 414; 10 8: 2119; 2712 
U Columbez 6 11.2 —33 03 9.4—10.2 219.2 5& 5; 1019;22 0; 2715 
SX Gemin. 22. +20 37 10.8—11.5 108.8 3 1; 13 23; 2422: 30 9 
RW Monoc. 29.3 + 8 54 9.0—10.8 121.7 2 5; 920;1711: 25 2 
RX Gemin. 43.6 +33 21 8.8— 9.6 12 05.0 3 1;15 6: 271) 
RU Monoc. 6 49.4 — 7 28 9.8—10.5 0O 21.5 214;13 8;24 2: 2911 
R Canis Maj. 7 14.9 —1612 5.9— 6.7 103.3 3 8; 9 0;20 9; 26 1 
RY Gemin. 21.7 +15 52 8.9—<10 907.2 1 38; 1010;1917; 29 0 
Y Camelop 27.6 +7617 9.5—12. 307.3 6138;13 $;1918; 26 y 
RR Puppis 43.5 —41 08 9.5— 6 10.3 4 6; 10 16; 2313; 29 23 
V Puppis 7 55.4 —48 58 4. -- 5. 110.9 723; 15 6; 2213; 29 20 
X Carine 8 29.1 —58 53 7.8— 8.9 014.0 420; 10 5;21 1; 2611 
S Cancri 8 38.2 +19 24 8. —10. 911.6 218: 123 1:2118 
S Velorum 9 29.5 —44 46 7.8—9.5 5 22.4 2 2; 8 0;19 21; 2519 
Y Leonis 9 31.1 +26 41 9.3—11.2 116.5 3 4; 1114;20 1; 2811 
RR Velorum 10 17.8 —41 3610.0—10.9 1 20.5 619;16 1:25 8 
SS Carinz 10 54.2 —61 2312.2—12.8 307.2 1 8; 723;21 4; 2718 
RW Urs. Maj 11 35.4 +52 34 9.3-10.3 707.9 7 8; 1416;22 0; 29 8 
Z Draconis 11 40.6 +7249 9.5—12.5 1086 3 7;10 2;2315; 3010 
SS Centauri 14 07.2 —63 37 8.8—10.4 211.5 8 6;1516;23 3: 3013 
6 Libre 14 55.6 — 8 07 5. — 6.7 207.9 7 23; 14 23; 21 22- 28 22 
TW Draconis 15 32.4 +64 14 7.00— 8.9 219.4 220; 11 6;1916; 28 2 
U Coronze 15 14.1 +3201 7.8— 9.0 310.9 223; 921; 2316; 3014 
SX Ophiuchi 16 12.6 — 6 2510.5—11.2 201.5 4 0;10 5;2214; 2819 
SW Ophiuchi 16 11.1 — 6 44 9%.2—10. 210.4 6 7; 1815; 20 23; 28 7 
R Are 16 31.1 —56 48 6.7— 8. 410.2 116; 1012;19 9; 28 5 
TT Herculis 16 49.9 +1700 8.9— 9.5 2018.1 9 5; 29 23; 
TU Herculis 17 09.8 -++30 50 9.5—12. 206.4 7 6; 14 1; 2020; 2715 
U Ophiuchi 1156 +119 6.— 6.7 020.1 3 2; 1111;19 20; 28 6 
SZ Herculis 36.0 +33 01 95—10.3 019.6 811; 16 16; 2420 
Z Herculis 17 53.6 +15 09 6.7— 8.0 3 23.8 517; 1317; 2117: 2916 
SX Draconis 18 03.0 +58 23 9.3—10.5 504.1 2 0; 12 8; 2216; 27 20 
RS Sagittarii 11.0 —34 08 6.7— 7.8 210.0 6 9; 1315; 2021; 28 3 
V Serpentis 11.1 —15 34 9.5— 310.9 316; 1012;1711; 24 9 


RZ Draconis 21.8 +58 50 9.5—10.2 013.2 418; 10 7;21 7; 2619 
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Minima of Variable Stars of the Algol Type.—Continued. 


Star 


RX Herculis 
SX Sagittarii 
RR Draconis 
RS Scuti 

U Scuti 

RX Draconis 
RV Lyre 

RS Vulpec. 

U Sagittz 

Z Vulpec. 
TT Lyre 
SY Cygni 
WW Cygni 
SW Cygni 
VW Cygni 
RW Capric. 
UW Cygni 
W Delphini 
RR Delphini 
Y Cygni 

RR Vulpec. 
VV Cygni 
AE Cygni 
UZ Cvgni 
RT Lacerte 
RW Lacertae 
TT Androm 
Y Piscium 
TW Androm. 


h 


18 


18 
19. 


19 
20 


20 
21 


21 
22 
23 


23 





Decl, 
1900 
° , 


R. A. Magni- 
1900 tude 
m 

26.0 +12 32 7.8— 8.0 
39.7 —30 36 
40.8 +62 34 9 
43.7 —10 21 9.3 
48.9 —12 44 9.0— 
01.1 +58 35 9.3 
12.5 
13.4 
14.4 
17.6 
24.3 
42.7 
00.6 
03.8 
11.4 
12.2 
19.6 
33.1 
38.9 
48.1 
50.5 
02.3 
09.0 


+25 23 7.3— 8.5 
+41 30 9.0<11.0 
+32 2810. —12. 
+4118 9.5—12.5 
446 01 9. —12. 
43412 $.5—11.5 
—17 59 8.8—10.6 
+42 55 10.5—13. 
+17 56 9.5—11.5 


£0617 7. — &. 
+27 32 9.6—11.0 
+45 2311. —14. 
+30 20 10.8—11.4 
55.2 +43 52 9. —11.5 
57.4 +43 24 9,1—10.5 
40.6 +49 08 10.2—11.2 
08.7 +45 36 10.5—11.3 
29.38 + 722 9.0—12.0 
58.2 +3217 8.6—11.5 


+13 35 10.5—11.8. 


Approx. 


Period 
d h 


PONnUTK ORME p Pw 


o 
N 
pas 
i<*) 


COPWRANWSPWPFOONKLN 
HHO SHIGE RO POODOWVNOSONSOO MPLA EH! 


CHK RHOOCON KH OME HOR HOC ORP SOREN EHO 





SDPO DIDO D WOR ADRS DONDOHARNOSOOM 


Greenwich mean times of 
minima in April 1912. 
s @:h ws @ & 
9 2: 17 28; 26:21 
418; 11 0:23 11; 
5; 13 17;22 6; 
10 1;23 6; 
1617;26 7 
iv “1; 26.12 
8 23; 23 8; 
11 23; 20 12; 
10 14; 24 3; 
O2n 11 tf 
9 8; 19 20; 
10 21; 22 21; 
918;23 1; 
18 7;22 11 
a7 2; 3612 
8 6; 2119; 
14 6:21 3; 
1Z 232617 
15 0;24 3 
815;16 2; 
11 11; 21 18; 26 16 
‘15 7:22 17: 30 
1016; 20 8; 30 


29 16 
30 17 
29 20 


a _ 
HOR LS 


30 13 
29 21 
30 21 
24 16 
30 8 
28 21 
29 16 


bb BN 
BOWEL NE 


a 
00 0 ye oo 


28 14 
28 1 


—e 
wins 


23 14 


bd 


eR ODOPP NOW 
bd 


10 2;20 5; 
1417; 25 2; 
31 12; 19 19; 
11 0; 1813; 
;10 3;18 9; 


1 
30 9 
30 6 
28 2 

2 
5 


26 


ROOT VKH OQNEHOPOPENCORNNOO 


ne 


Maxima of Variable Stars of Short Period not of the Algol Type. 





[Calculated by Wallace F, Johnson at Goodsell Observatory] 


Given to the nearest hour in Greenwich mean time. 
standard time subtraet 5"; Central standard time 6? etc. 


To obtain eastern 
An * following the 


name of a star signifies that for that star times of minima instead of maxima 


are given. 
Star 


SX Cassiop. 
SY Cassiop. 
RT Sculptor.* 
RR Ceti 

RW Cassiop. 
V Arietis 

SU Cassiop. 
TU Persei 
RW Camelop. 
SX Persei 

SV Persei 

RX Aurigze 
TT Aurige* 


h 


0 
0 
1 
x 
2 
2 


3 
3 
4 
4 
5 


R.A. Decl. Magni- 
1900 1900 tude 
05.5 +54 20 8.6— 9°4 
9.8 +57 52 93— 9.9 
31.5 —26 13 9.6—10.5 
27.0 + 050 8.3— 9.0 
30.7 +5715 8.6— 9.4 
09.6 +1146 8.3— 9.0 
43.0 +68 28 6.5— 7.0 
01.8 +52 49 11.4—12.2 
46.2 +58 21 8.2— 9.4 
10.2 +41 29 10.3—11.0 
42.8 +42 07 8.8— 9.6 
54.5 +39 49 7.2— 8.1 
02.8 +39 27 7.8— &.7 


Approx. 
Period 


— 


—s 


ao > 
COrMKH ERROR OPROOCS 


HK KHOCORPNN HERE 


h 


m oS 


5 
~ 


COWL. 
CORPHOADKENHOWA 


DUSISHW 


Greenwich mean times of 
maxima in April 1912. 

da h d h d h d 

27 20 

30 8 

29 6 

27 0 


m6. 2:22 &: 
a: 828319 i; 
a: 10 & 16 22: 
13 33 26 6 
9; 1018; 16 17; 
8 9:14 5; 
; 11 18; 17 20; 
12 0; 28 0 
iz 2; 2616 
[20 tae 4@ 
[ao 2 
*1217-19 2: 


28 15 
25 22 
30 0 


ARHAo AnvF HOM 


26 1 
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Maxima of Variable Stars of Short Period not of the Algol Type. 


Continued. 

Star R. A, Decl. Magni- Approx. Greenwich mean times of 

1900 1900 tude Period maximain April 1912. 
h m ° , d h d h < h d h d h 
SX Aurige 5 04.6 +42 02 8.0— 8.7 112.8 206; 8 9;1413; 2619 

SYAurige 05.5 +42 42 9.0— 9.7 1003.3 221;13 0;23 83 

Y Aurige 21.5 +42 21 9. — 3 20.6 218; 1011;18 4; 25 22 
RVTauri* 45.8 -+28 05 9.4—11.0 204.0 222; 910; 15 22; 28 22 


RZ Gemin. 


5 56.6 +2215 9.1—10.0 512.7 3 5; 818;1919; 3020 
RS Orionis 6 16.5 +1443 78— 8.5 713.4 5 1;1214;20 4; 2717 
T Monoc. 19.8 + 708 6. — 8 2700.3 27 2 
RZ Camelop 23.7 +67 0611.0—12.8 011.5 313; 8 9;17 23; 2714 
W Gemin. 29.2 +15 24 68— 7.6 722.0 3 6;11 4;19 2; 27 0 
$ Gemin. 6 58.2 +2048 3.7— 4.5 10 03.7 118; 1121; 22 1 
RU Camelop. 7 10.9 +69 51 8.5— 9.8 22 06.5 19 23 
RR Genin. 7 15.2 +31 04 9.7—10.6 009.5 4 0O; 11 22; 19 21; 27 20 
V Carinz 8 26.7 —59 47 7.2— 8.0 616.7 6 3; 1219;1912; 26 5 
T Velorum 8 34.4 —47 01 7.5— 8.5 415.3 615; 11 6; 2013; 2919 
W Carine 9 19.2 —55 32 7.5— 8.5 4089 411;13 4; 21 22; 3016 
S Antlize* 27.9 —28 11 6.7— 7.8 007.8 1 2; 714,14 1; 27 1 
W Urse Maj. 9 36.7 +56 24 8. 004.0 523; 1215;19 7; 2523 
RR Leonis 10 02.1 +2403 9.1—10.0 010.9 7 2; 13 21; 2016; 2710 
ST Urse Maj.* 11 22.4 +45 44 6.7— 7.2 819.2 3 5; 12 0; 2019; 2914 
SU Draconis 11 32.2 +6753 8.9— 9.6 015.8 217: 9 7;15 22. 2903 
5S Muscae 12 07.4 —69 36. 6.5— 7.3 915.8 7 9;17 1;2616 
SW Draconis 12.8 +70 04 8.8— 9.6 013.7 3 0; 817;14 9; 2519 
T Crucis 15.9 —61 44 6.8— 7.6 617.6 512; 12 6; 18 23; 2517 
R Crucis 18.1 —61 04 6.8— 8.0 519.8 2 1; 721;1317; 25 8 
S Crucis 48.4 —57 53 6.6— 7.8 4166 3 9; 8 2;:1711; 2620 
RZ Centauri 12 55.6 —6405 85— 89 022.5 3 1;1013;18 2; 2514 
W Virginis 13 20.9 — 252 9.0—10.0 17 06.5 219; 20 1; 
RV Urs. Maj. 13 29.4 +54 31 9.2—9.9 011.2 4 7; 11 8;18 8; 25 9 
ST Virginis 14 22.5 — 0 2710.3—1i.4 0 09.9 418; 12 23; 21 5; 2910 
V Centauri 25.4 —56 27 6.7— 7.6 511.9 414;10 2;1514; 2613 
RS Bootis 29.3 +3211 8.9—10. 009.1 3 6;1019;18 8; 2521 
RU Bootis 14 41.5 +23 4412.8—14.3 011.9 312; 1022;18 8; 2517 
RTriang.Austr15 10.8 —66 08 6.7— 7.7 309.3 215; 9 9;16 4; 2917 
STriang.Austr15 52.2 —63 29 6.5— 7.5 607.8 7 4; 13 21;1919; 26 3 
S Normez 16 10.6 —57 39 6.5— 7.4 918.1 3 2; 12 20; 2214 
RW Draconis 33.7 +58 03 9.6—10.8 010.6 423; 13 19; 22 16; 
RV Scorpii 16 51.8 —33 27 6.8— 7.6 601.5 623;13 0;19 2: 25 3 
u Herculis* 17 18.6 +3812 5.1— 5.6 201.2 7 3818 7;1910; 25 14 
RV Ophiuchi* 17 29.8 + 719 9.—< 11 $816.6 212; 921;17 6; 2415 
X Sagittarii 41.3 —2748 4.0— 6.0 700.3 712; 1412; 2112; 2812 
Y Ophiuchi 47.2 — 607 6.2— 7.0 17 02.9 410; 2113 
W Sagittarii 17 58.6 —29 35 4.8— 5.8 714.3 320; 1110;19 0; 2614 
VY Sagittarii 18 15.5 —18 54 58—66 5186 6 3; 1122;1717; 29 6 
U Sagittarii 26.0 —19 12 7.0— 8.3 617.9 113; 8 7;15 1; 2812 
Y Scuti $2.6 — 8 27 8.7— 9.2 10 08.3 11 8:21 12 
Y Lyrae 34.2 +43 52 10.5—12. Smt t & TF tis ke aes 
RZ Lyrae 39.9 +32 42 9.9—11.2 012.3 5 8; 1011; 2016; 30 22 
RT Scuti 44.1 —10 30 9.1— 9.7 011.9 6§&12;1011;20 9; 30 7 
B Lyrae * 46.4 +33 15 3.4— 4.5 12 21.8 8 14; 21 12 
x Pavonis 18 46.9 —67 22 40— 5.5 902.2 911; 1813;2715 
U Aquilae 19 240— 715 64— 7.1 7006 5 1;12 1:19 2; 26 2 
XZ Cygni 30.4 +56 10 8.7— 9.3 011.2 315; 8 731715; 2623 
U Vulpec. 32.2 +20 07 6.9— 7.6 723.5 6 0; 14 0; 21 23; 2923 
SU Cygni 40.8 +29 01 6.6— 7.4 3203 1 9; 9 2;1618; 2411 
n Aquilae 474+ 045 3.5— 4.7 704.2 6 1;13 5;20 9; 2714 
S Sagittae 51.5 +16 22 5.6— 6.4 8092 223;11 8;1917: 28 3 
X Vulpec. 19 53.3 +2617 8.5— 9.1 607.7 519;12 3;1811; 2418 
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Maxima of Variable Stars of Short Period not of the Algol Type. 


Continued. 
Star R. A. Decl, Magni- Approx. Greenwich mean time of 

1900 1900 tude Period maxima in April 1912. 

h om sags c+ 2h @e 2h wD 
XX Cygni 20 01.3 -+58 4010.5—11.5 ©@03.2 6 4; 1221;1915; 26 0 
V Vulpec. * 32.3 +26 15 8.0— 9.0 37 19.0 17 4 
X Cygni 39.5 +35 14 6.4— 7.7 1609.3 421; 21 6; 
T Vulpec. 47.2 +27 52 5.5— 65 4105 320; 8 6;17 3; 26 0 
WZ Cygni * 49.3 +38 27 9.8—10.8 0140 2 9; 8 5;14 1; 2518 
WY Cygni 52.3 +30 03 9.5—-10.3 013.5 216; 8 6;1911; 3016 
RV Capric. 55.9 —15 37 9.2—10.1 010.7 220; 7 7316 6; 25 5 
TX Cygni 20 56.4 +4212 8.5— 9.7 1417.4 9 4; 23 22 
VY Cygni [21 00.4 +39°34 8.9— 9.5 720.6 § 22; 1319; 2116; 29 12 
VZ Cygni 21 47.7 +42 40 84— 9.2 420.7 513; 1010;20 3; 2921 
Y Lacertae 22 05.2 +50 33 9.1— 9.6 407.6 815;17 7; 2522 
5 Cephei 25.5 +57 54 3.7— 4.9 508.8 6 5; 1114; 16 23; 2716 
Z Lacertae 36.9 +5618 8.2— 9.0 10 21.1 5 4,16 1; 26 22 
RR Lacertae 37.5 +55 55 85— 9.2 610.1 6 4;1214;19 O; 2511 
V Lacertae 44.5 +55 48 8.2— 8.9 423.6 322; 8 22;18 21; 2820 
X Lacertae* 22 45.0 +55 54 8.2— 86 5106 4 5; 916;15 2; 2523 
SW Cassiop. 23 03.7 +5812 9.2— 9.7 5106 523;11 9;16 20; 2717 
RS Cassiop. 32.6 +61 52 9.1—10.0 607.1 515; 1122;18 5; 3020 
RY Cassiop. 47.2 +58 11 9.2—10.0 12 03.4 10 19; 22 23 
U Pegasi 23 52.9 +15 24 9.0— 9.7 0045 1 5; 817:;16 4; 2316 














The Designation of Recently Discovered Variable Stars. 

The following list of variable stars, whose variability has been established 
during the past year, was published in A. N. 4540. It is reproduced here for 
the benefit of those of our readers who are interested in the study of variable 
stars and who may not have access to the Astronomische Nachrichten. 


No. Prov. No. Name Position 1900 Magnitude 
R. A. Decl. Max. Min. 
1 m cy oS , m m 
1 81.1910 TT Pegasi O 1 21 +26 32.0 9.6 10.5 ph 
2 135.1910 UW Andromedae Oo 9 1 +28 29 95 <12 ph 
3 17.1911 TU Cassiopeiae 0 20 55 +50 43.6 7.2 8.6 ph 
+ 7.1911 W Piscium O 54 18 +27 24 10.5 <12 ph 
5 8.1911 X Piscium 1 6 44 +21 41.5 9.6 <12 ph 
6 16.1911 T Trianguli 1 50 57 +33 31 10.5 <12.5 ph 
7 66.1905 Y Eridani 2 2 14 —57 37.3 7.5 10.0 ph 
g UX Andromedae 2 26 59 +45 12.8 8.0 9.0 v 
9 12.1911 TV Persei 2 37 40 +35 50 9 11 ph 
10 11.1911 TW Persei 3 13 43 +32 46.9 10 <12.5 ph 
11 58.1905 W Arietis 3 14 37 +28 38.2 9.5 12 v 
12 123.1906 SX Tauri 3 47 2 +25 14.9 12.0 15.0 ph 
13. 41.1907 RY Camelopard. 4 21 27 +64 13.2 9.5 10.5 ph 
14 3.1906 RU Orionis 5 33 58 — 2 51.2 14.1 <16.4 ph 
15 5.1906 RV Orionis 5 34 38 — 2 24.1 14.5 16.0 ph 
16 7.1906 RW Orionis 5 34 40 — 2 46.2 14.4 16.0 ph 
a7 7.1903 TT Geminorum 6 19 46 +19 34.9 9.56 <12 Vv 
18 56.1908 SX Geminorum 6 22 +20 37 10.8 11.5 ¥ 
19 57.1908 RZ Camelopard. 6 23 40 +67 6.0 11.0 13.0 v 
20 1.1908 SY Geminorum 6 34 9 +31 16.9 9.2 <12 Vv 
21 40.1906 SW Geminorum 6 53 20 +26 10.8 9.2 106 v 
22 58.1908 SS Camelopard. 7 4 9 +73 29.7 9.1 10.0 v 
23 8.1908 SZ Geminorum 7 47 58 +19 33.2 9.5 11.2 ph 
24 4.1911 RR Cancri 8 5 8 +23 27 10 <12 ~~ ph 
25 10.1911 W Lyneis 8 9 57 +40 26 10.56 <12.5 ph 
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The Designation of Recently Discovered Variable Stars. 


Continued. 
No. Prov. No. Name Position 1900 Magnitude 
A. N. zm. A. Decl. Max. Min. 
h ot) 8 ° , n m 
26 2.1911 X Lyncis 8 19 5 +35 44.2 9.5 <12 ph 
27 44.1909 SW Urs.Maj. 8 29 26 +53 50 10 <12.5 ph 
28 163.1907 RX Hydrae 9 O 47 — 7 51.7 9.0 11.5 ph 
29 RS Cancri 9 4 36 +31 22.3 5 6.6 Vv 
30 55.1906 TT Carinae 10 17 18 —61 14.5 12.8 15.5 ph 
31 69.1906 TU Carinae 10 31 17 —60 11.5 134.6 16.0 ph 
32 64.1906 TV Carinae 10 35 1 —60 18.6 11.9 14.2 ph 
33 72.1906 TW Carinae 10 51 O —58 31.3 11.7 13.7 ph 
34 74.1906 TX Carinae 10 54 51 —58 32.8 10.7 13.0 ph 
35 173.1906 UV Centauri 11 36 10 —57 6.3 9.8 13.0 ph 
36 15.1911 SV Virginis 11 55 17 — 9 39.0 9.5 12.8 ph 
37 126.1906 Y Crucis 11 57 50 —63 10.2 10.8 16.0 ph 
88 127.1906 Z Crucis 12 5 57 —63 52.7 10.8 13.5 ph 
39 129.1906 RR Crucis 12 18 O —60 2,7 12.5 14.0 ph 
40 130.1906 RS Crucis 12 20 24 —60 57.2 13.4 16.4 ph 
41 131.1906 RT Crucis 12 29 8 —64 08 12.8 14.5 ph 
42 132.1906 RU Crucis 12 32 46 —63 48.1 14.2 17.0 ph 
43 134.1906 V Muscae 12 35 19 —64 10.2 14.2 <17.0 ph 
44 185.1906 UW Centauri 12 37 37 —53 58.8 9.4 <11.0 ph 
45 137.1906 W Muscae 12 45 26 —64 55.5 14.0 16.4 ph 
46 142.1906 X Muscae 12 56 39 —64 42.6 13.2 15.7 ph 
47 143.1906 TY Centauri 12 57 13 —63 7.5 14.0 17.1 ph 
48 145.1906 TZ Centauri 12 57 58 —60 14.0 11.5 13.0 ph 
49 146.1906 Y Muscae 12 59 21 —64 58.6 10.5 12.1 ph 
50 147.1906 Z Muscae 12 59 23 —64 45.6 14.7 <17.0 ph 
51 85.1910 V Canum ven. i3 168 6 46 3.1 8.5 9.4 ph 
52 152.1906 UU Centauri 13 15 39 —60 47.1 10.4 14.4 ph 
53 86.1910 V Ursae minoris 15 36 54 +74 49.0 9.0 9.9 ph 
54 140.1907 W Canum ven. 14 2 15 38 18.3 8.§ 9.5 ph 
55 RX Bootis 14 19 42 +26 9.5 7 8 v 
56 36.1911 RY Librae 14 21 51 —21 4.4 12.0 14.0 ph 
57 37.1911 RZ Librae 14 53 6 —14 47.4 11 15.5 ph 
58 111.1908 Y Serpentis 15 8 51 — 1 30.8 9.4 10.2 ph 
59 112.1908 Z Serpentis 15 10 58 2 32.5 10.1 10.9 ph 
60 191.1904 TY Scorpii 15 57 34 —23 184 12.8 15.0 ph 
61 194.1904 TZ Scorpii 16 1 45 —23 26 11.3 14.5 ph 
62 195.1904 UU Scorpii 16 1 52 —23 47.6 12.3 13.9 ph 
63 196.1904 UV Scorpii 16 2 35 —21 49.1 12.4 14.2 ph 
64 198.1904 UW Scorpii 16 4 18 —22 27.3 11.8 13.3 ph 
65 199.1904 UX Scorpii 16 4 27 —23 50.4 11.2 13.1 ph 
66 200.1904 TW Scorpii 16 4 52 —22 48.2 10.7 14.8 ph 
67 203.1904 UY Scorpii 16 8 46 —21 27.1 11.2 14.3 ph 
68 205.1904 UZ Scorpii 16 9 37 —24 46.0 12.3 15.5 ph 
69 206.1904 VV Scorpii 16 9 38 22 28.1 11.2 12.8 ph 
70 209.1904 VW Scorpii 16 12 11 —21 34.6 13.4 <15.0 ph 
71 210.1904 VX Scorpii 16 12 22 —20 57.4 12.4 14.2 ph 
72 211.1904 VY Scorpii 1€ 13 28 —22 7.0 11.8 <15.0 ph 
73 212.1904 VZ Scorpii 16 13 42 —23 10.0 10.8 12.3 ph 
74 220.1904 TU Ophiuchi 16 20 43 —22 56 12.9 <15.5 ph 
75 222.1904 WW Scorpii 16 21 1 —31 47 10.6 <14.7 ph 
76 228.1904 WX Scorpii 16 26 40 —26 10.4 11.8 <15.0 ph 
77 229.1904 WY Scorpii 16 27 13 —25 586 11.8 13.7 ph 
78 230.1904 WZ Scorpii 16 27 38 —26 32.2 12.2 14.8 ph 
79 232.1904 XX Scorpii 16 29 4 —26 16.5 11.2 15.0 ph 
80 233.1904 XY Scorpii 16 30 41 —29 31.8 12.8 <15.0 ph 
81 234.1904 XZ Scorpii 16 30 52 —27 65 12.2 15.0 ph 
82 5.1909 TZ Herculis 16 31 5 +38 12.2 8.5 9.1 v 
83 119.1908 TY Herculis 16 31 44 +13 31.0 9.8 10.6 ph 
84 237.1904 YY Scorpii 16 31 58 —28 22.0 10.5 15.0 ph 
85 175.1907 UU Herculis 16 32 28 +38 10.3 8.4 9.7 ph 
86 238.1904 YZ Scorpii 16 32 37 —27 49.4 13.5 15.0 ph 
87 89.1910 TX Draconis 16 33 35 +60 403 8.5 9.2 ph 
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The Designation of Recently Discovered Variable Stars. 
Continued. 


No. 


107 


110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 


Prov. No. 
A. N. 


239.1904 
240.1904 
241.1904 
245.1904 
247.1904 
120.1908 
254.1904 
257.1904 
260.1904 
121.1908 
262.1904 
115.1910 
90.1910 
118.1910 
119.1910 
120.1910 
121.1910 
159.1907 
263.1904 
264.1904 
28.1911 
20.1908 
266.1904 
21.1911 
267.1904 
23.1908 
271.1904 
274.1904 
275.1904 
30.1908 
276.1904 
33.1908 
94.1910 
34.1908 
35.1908 
139.1908 
13.1909 
136.1910 
97.1910 
175.1908 
49.1906 
160.1907 
33.1910 
146.1904 
14.1906 
17.1906 
18.1906 
19.1906 
20.1906 
21.1906 
22.1906 
23.1906 
24.1906 


129.1908 
27.1911 
123.1907 
5.1911 
3.1909 
14.1911 
32.1911 


Name 


ZZ Scorpii 

TV Ophiuchi 
AA Scorpii 
AB Scorpii 
AC Scorpii 
UV Herculis 
AD Scorpii 
AE Scorpii 
AF Scorpii 
TT Ophiuchi 
AG Scorpii 
RS Arae 

UW Herculis 
RT Arae 

RU Arae 

RV Arae 

RW Arae 

TY Draconis 
UY Sagittarii 
UZ Sagittarii 
TX Scorpii 
UX Herculis 
VV Sagittarii 
WX Sagittarii 
VW Sagittarii 
WY Sagittarii 
VX Sagittarii 
VY Sagittarii 
VZ Sagittarii 
WZ Sagittarii 


WW Sagittarii 


XX Sagittarii 
TZ Draconis 
RY Scuti 

RZ Scuti 

SZ Lyrae 

RT Vulpeculae 
TT Lyrae 

AG Cygni 

AH Cygni 

AU Cygni 

UU Draconis 
AI Cygni 

RU Vulpeculae 
AL Cygni 
AM Cygni 

AN Cygni 

AO Cygni 

AP Cvgni- 

AQ Cvgni 

AR Cygni 

AS Cygni 

AT Cygni 

RX Aquarii 
TU Pegasi 
AK Cygni 

SU Cephei 
RY Lacertae 
SV Cephei 

RZ Lacertae 
Y Piscium 


ss 

R. 

h m 

16 34 
16 36 
16 38 
16 39 
16 40 
16 40 
16 43 
16 43 
16 44 
16 44 
16 46 
16 49 
17 10 
17 18 
17 20 
17 23 
17 26 
17 35 
17 45 
17 47 
17 48 
17 49 
17 51 
17 53 
17 54 
17 54 
2 


osition 1900 


A. 
8 
48 
37 
42 
30 
23 
54 
5 
56 
17 
38 
18 
27 
54 
3 
2 
17 
ay 
33 
3 

8 
37 
41 


34 


20 


Decl. 
o , 


—27 15.9 
—24 34.6 
—24 55.6 
—28 

—27 1 
+12 1 
—27 
—28 
—25 
+ 3 
—25 
—64 
+36 
—55 
— 60 
—64 
—57 
+57 
—22 
—21 
—34 
+16 57.8 
—19 19.5 
—17 23.5 
—21 
—23 
—22 1 
—20 4: 
—29 4 
—19 € 
—27 28. 
—16 51.0 
+47 310 
—12 45.2 


=“— Nv PY 
ND PHA’ BGINON 
OAROHMHWORHROODMENHAN EN 


PO 
to POND ip 


Magnitude 
Max. Min. 
m m 
10.9 <14.5 ph 
10.5 12.0 ph 
11.2 12.8 ph 
10.9 13.0 ph 
10.7 14.8 ph 
9.4 <11.0 ph 
13.0 <i5.0 ph 
109 <14.7 ph 
10.9 <15.0 ph 
9.8 11.1 ph 
12.2 <15.0 ph 
10.5 <14 ph 
8.6 9.4 ph 
9.6 <12.0 ph 
9.0 12.5 ph 
9.0 <13.0 ph 
76 10.6 ph 
8.5 9.7 v 
12.0 14.7 ph 
12.2 147 ph 
7.5 8.2 v 
8.2 9.3 ph 
10.5 <14.5 ph 
9.0 10.6 ph 
12.1 13.6 ph 
8.7 10.1 ph 
9.5 11.9 ph 
10.9 12.8 ph 
10.6 121 ph 
8.0 9.2 ph 
11.5 <13.0 ph 
8.6 10.0 ph 
9.0 9.6 ph 
8.6 9.3 ph 
7.5 8.5 ph 
9.9 115. ¥ 
7.5 8.5 v 
90 <11 Vv 
11 16.7 v 
9.3 10.5 v 
9.9 12.5 ph 
9.0 10.3 v 
8.6 9.7 v 
10.3 10.8 v 
12.6 14.1 ph 
10.5 12.5 ph 
12.0 <15.5 ph 
12.9 160 ph 
11.5 13.7 ph 
13.4 15.3 ph 
14.1 <16.5 ph 
12.5 15.5 ph 
13.0 152 ph 
8.0 9.2 v 
9.8 <12.0 ph 
9.5 5S 
9.2 9.8 ph 
11.6 <125 vv 
9.4 10.0 wv 
8.7 24 6 
9.0 12.0 ph 
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Betelgeuse, a Vrionis.—In letters written January 24 and February 5, 
Mr. F. E. Seagrave calls attention to the increase ot about 0.4 magnitude 
in the brightness of a Orionis since February 17, 1911. 


He says “It is now 
about normal. Last February it 


was only about 0.1 magnitude brighter 
than Aldebaran. To me this star (Betelgeuse) is an unusually interesting 
variable because it is irregular and nobody knows what it is going to do. 
Period and form of light curve are unknown and its spectrum is a beautiful 
one of the third type. In the early autumn of 1902 it was superior to Procyon 
and for a week (October 12— October 20) or more it was brighter than Capella 
It has not been as bright as Capella since then.”’ 





Variability of 13 and 31.1911 Confirmed.—In A. N. 4552 Mr. M. 
Luizet confirms the variability ‘of the stars 13.1911 Persei (1855: a = 2"39™.0 
6 = + 36° 21’) and 31.1911 Pegasi (BD 12° 4997 23" 379.5 + 12°45’). The 
former varies between magnitudes 9.2 and 9.9. The period is not yet deter- 
mined but appears to be short. The latter is of the Algol type, and is of 
about magnitude 9.0 At minimum it descends to about magnitude 11. Min- 
ima were observed 1912 Jan. 10 at 6" 30" and Jan. 13 at 8" 30", so that the 


period is about three days and two hours or a fraction thereof. 





Nova or New Variable 87.1911.—In A. N. 4545 Mr. C.R. d’Esterre 
calls attention to a star which was visible on photographs taken Nov. 13 and 





21, 1911, but was missing on Aug. 5, 


Aug. 30 and Oct. 18. Its position for 
HS 1900 is 


a= 2'03™16°.3 6 =+ 56°42’.8 
. 


It is situated in a rather dense part 
" of the Milky Way about a degree east 
of the Perseus cluster and a half degree 
as i south of the star 5 Persei, but appeared 


en 


midway between two stars of about 

. * ag equal magnitude, so that its place is 

N not hard to identify. At maximum it 

. was of about the eleventh magnitude- 

e ° The star is absent from photographs 

*s of the region taken at Goodsell Obser- 

vatory Jan. 29, 1894 and Nov. 30 and 

Dec. 5, 1904, although much fainter 
3 stars are shown. 














New Variable 88.1911 Cygni.—In A. N. 4545 Professor Cerulli, of 
Teramo, calls attention to the variability of the star B.D. +50°2999, which in 
the B. D. is recorded as of magnitude 9.0. On Aug. 19, Sept. 1 and 2, 1911 
it was about as faint as magnitude 10.5. 
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Provisional Elements of Variable Stars.—In A.N. 4549 Mr. Luizet 
gives provisional elements of the variables V Ursae minoris and AF (70,1910) 
Cygni as follows: 

V Ursae minoris Maxima 1911 June 28+ 71°E 
AF Cygni Maxima 1911 July 11 + 1054 E 

For the former the range of brightness is from 7™.9 to 8™.8 and the mini- 
mum precedes the maximum by 32 days; for the latter the range is from.7™.0 
to 8".0 and the minimum precedes the maximum by 34 days. 





COMET NOTES. 





Search Ephemeride for Comet 1852 IV (Westphal.)—A. N. 4549 
Mr. Adolf Hnatek, of Vienna, gives search ephemerides for the comet discovered 
by Westphal in 1852, for which the period was calculated to be about sixty 
years. Allowing for the perturbations by the planets in 1853 and 1854 Mr. 
Hnatek finds as osculating elements on Dec. 11.0, 1854, the following: 

Ms: 12° 36° 87".73 
57 02 17 .88 
346 10 31 .38 
40 56 55 .18 
0.9199898 
= 57”.49992 
log a = 1.1935596 
Period = 61.7077 years 
x = [9.995236] r sin (v + 137° 09’ 37.7) 
y = [9.665312] rsin(v-+ 30 34 58 .5) 
z= [9.953596] rsin(v+ 51 19 44 .6) 

The period is uncertain by nearly +1 year. On different assumptions for 

the period the dates of perihelion passage will vary from Oct. 1912 to Oct. 1914. 


EanmHE 
ieieiel 


Period Perihelion 

60.0 years 1912 Oct. 13.89 

60.5 “ 1913 Apr. 14.52 

a. ° 191% Oct. 14.15 

o.o6 ** 1914 Apr. 14.78 

62.0 “ 1914 Oct. 14.41 
In 1852 the comet was visible to the naked eye for a long time, and was 

seen with the aid of a telescope for six months. 
Search Ephemerides for 1912.0 
P = 60.0 yrs. P= 60.1 yre. P = 60.2 yrs. 
1912 a 6 a 6 a r) 

h m ° , h m c d h m ¢ , 
Jan. 31.5 20 59 —42 42 20 45 —45 46 20 32 —48 14 
Feb, 10.5 21 15 41 O9 21 O1 44 3) 20 47 47 18 
20.5 31 39 34 17 43 16 21 O02 46 22 
Mar. 1.5 21 47 37 56 32 42 O01 37 45 27 
11.5 22 02 36 15 21 47 40 47 32 44 32 
21.5 18 34 31 22 02 39 33 21 46 43 39 
31.5 34 32 42 16 38 19 22 00 42 47 
Apr. 10.5 22 49 30 50 3) 37 05 14 42 01 
20.5 23 04 28 53 45 35 52 27 41 18 
30.5 19 26 52 22 58 34 39 39 40 44 
May 10.5 33 24 45 23 11 33 27 22 61 40 14 
20.5 23 48 22 29 24 32 16 28 02 39 50 
30.5 O 02 20 03 36 31 06 11 39 37 
June 9.5 16 17 24 47 29 58 19 39 35 
19.5 0 29 —14 26 23 56 —28 53 23 25 —39 43 
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P = 60.3 vre P = 60.4 yrs P = 60 5 yrs. 

a a 6 a i 6 

h m ° , b nm , h , 
Jan. 31.5 20 19 —50 19 20 OF —52 O5 19 56 —53 33 
Feb. 10.5 34 49 35 aa 61 30 20 10 53 O8 
20.5 20 49 48 53 36 50 59 24 52 47 
Mar. 1.5 21 O04 48 14 20 50 60 32 38 52 29 
11.5 18 47 36 21 O04 50 O9 20 51 52 16 
21.5 32 47 O02 17 49 51 21 O03 52 08 
$1.5 45 46 30 30 19 38 15 52 06 
Apr. 10.5 21 57 46 06 42 49 30 26 Se ia 
20.5 22 09 45 48 21 5&3 49 31 36 52 26 
30.5 20 5 38 22 03 49 40 15 52 49 
May 10.5 31 45 36 12 50 01 53 53 22 
20.5 40 45 45 13 50 34 21 59% 54 06 
30.5 47 46 05 25 51 16 22 03 55 00 
June 9.5 53 46 39 28 52 O8 05 56 O04 
19.5 22 57 —47 28 22 29 —53 05 22 048 —57 16 

P = 61.0 yrs. P = 61.5 yrs. P = 62.0 yrs 

a a ri) a 
bh u , h , h m 

Jan. 31.5 19 05 —58 18 18 23 —60 30 17 48 —61 31 
Feb. 10.5 ef 58 20 33 60 50 17 56 61 58 
20.5 29 58 30 42 6) 15 18 03 62 29 
Mar. 1.5 40 58 45 50 61 43 09 63 04 
11.5 19 50 59 O5 18 58 62 17 14 63 42 
21.5 20 00 59 31 19 04 62 55 18 64 22 
31.5 O9 60 04 09 638 37 20 65 05 
Apr. 10.5 16 60 44 12 64 24 21 65 50 
20.5 22 61 29 14 65 14 19 66 34 
30.5 25 62 21 14 66 05 16 67 16 
May 10.5 26 63 18 11 66 55 10 67 55 
20.5 25 64 19 19 04 67 43 1 02 68 27 
30.5 21 65 21 18 56 68 25 17 52 68 51 
June 9.5 id 66 20 45 68 58 41 69 03 
19.5 20 04 —67 11 18 32 —69 18 17 29 —69 03 


On the supposition that the period is 60.0 vears the comet is now about 
four times as far away as the sun and its calculated magnitude about 10.0. 
If the period be 62.0 vears the comet is over nine times as far off as the sun 
and its magnitude is 14.0, i. e. it is at about the limit of vision with a 16-inch 
telescope. On the first supposition the brightness will increase rapidly, reach- 
ing magnitude 7.0 about the first of July, but upon the supposition of a 62 
year period the comet will not be bright enough to be visible with a small 
telescope until next year. 

The accompanying diagram shows the apparent courses of the comet 
through the southern heavens on the different suppositions as to its period. 
If the period is 60.0 years its course from March 1 to June 19 will be along 
the smooth line drawn from vy Gruis, past a Piscium (Fomalhaut), to the con- 
stellation Cetus. If the period is 60.1 years the course will be along the line 
drawn from five to ten degrees farther south, and so on. The dotted lines 
represent the place of the comet on the given dates, the period varying from 
60.0 to 63.0 years. These lines 
searched over On the various dates. 


therefore indicate the region to be 
If the period is hetween 61 and 62 
years the comet’s course will be short, in the region at and just off the lower 
right hand corner of the map; the comet, bowever, will be so faint that we 
have not thought it worth while to draw that part of the chart, since ama- 


teurs would not be likely to be able to pick up such a faint object. 
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It is evident from the chart that southern ohservers will have the first 
chance at this comet and we hope that they will find it early in the year. 
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REGION OF SKY TO BE SEARCHED FOR WESTPHAL’S CoMET. 


So few returns of this class of comets can be observed that it is important to 
follow each through as large a portion of its orbit as may be possible. 





Ephemeris of Comet 1911 e (Borrelly.) 
[From Astronomische Nachrichten 4552.] 


1912 a 5 log r log A 1:17 A? 
h m s ° ’ 

Mar. 2 4 41 58 +49 53 0.2135 0.0938 0.24 

6 4 54 55 50 33 0.2193 ©.231%1 0.22 

10 4 8 138 51 5 0.2253 0.1280 0.20 

14 21 48 51 30 0.2313 0.1445 0.18 

18 35 36 51 419 0.2373 0.1605 0.16 

22 5 49 39 62 0 0.2435 0.1762 0.14 

26 6 3 28 52 6 0.2496 0.1914 0.13 

30 17 27 52 5 0.2557 0.2063 0.12 

Apr. 3 31 20 51 59 0 2619 0.2208 0.11 

7 45 6 51 47 0.2680 0.2350 0.10 

AL 6 58 41 51 30 0.2742 0.2488 0.09 

15 1 oe & 51 8 0.2803 0.2624 0.08 

19 ao Ue 50 43 0.2864 0.2756 0.07 

23 37 58 50 13 0.2924 0.2886 0.07 

27 7 60 28 49 39 0.2984 0.3012 0.06 

May 1 8 2 40 49 2 0.3043 0.3136 0.06 

5 14 32 48 22 0.3102 0.3257 0.05 

9 26 4 47 40 0.3161 0.3375 0.05 


13 Ss 37 i6 +46 55 0.3219 0.3491 0.05 
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Comet 1911 e.—Borrelly’s comet has become very faint again and will 


soon be beyond the reach of small telescopes. 


to the north. 


On March 1 it will be about five 
degrees northwest of Capella and its course from there is eastward and a little 





Ephemeris of Comet 1911 f (Quenisset). 


[From Astronomische Nachrichten 4553. } 





It will be in the constellation Auriga during all of March. 


a ) log r log A Mag 
h n ~ nm 
Mar. 4+ 12 46 56 —72 35.8 0.3160 0.2219 9.3 
6 24 21 73 0.1 
8 12 1 7 73. 12.8 0.3270 0.2267 9.4 
10 11 37 50 73 #131 
12 11 16 6 73 2.1 0.3377 0.2339 9.4 
14 10 53 32 72 40.0 
16 33 29 ta 85 0.3480 0.2424 9.5 
18 1 «15 #23 71 28.7 
20 9 58 49 70 42.0 0.3581 0.2521 9.6 
22 44 16 69 50.0 
24 31 29 68 53.7 0.3679 0.2630 9.7 
26 20 18 67 54.5 
28 10 34 66 53.0 0.3774 0.2748 9.9 
30 9 2 6 65 50.2 
Apr l 8 54 47 €4 46.7 0.3867 0.2814 10.0 
3 48 28 63 43.1 
5 8 43 0 --62 39.7 0.3957 0.3005 10.1 
Ephemeris of Comet 1911 g (Beljawsky). 
[From Astronomische Nachrichten 4553. ] 
1912 a log r log A Mag 
Mar. 2 19 26 49 —50 59.9 0 4400 0.4902 96 
4 28 39 51 26.5 
6 30 27 51 63.5 
bel 32 9 52 209 
10 33 46 52 48.7 0.4570 0.4899 9.6 
12 35 19 $38 17.0 
14 36 46 53 45.8 
16 38 7 54 15.0 
18 39 23 54 44.6 0.4730 0.4888 9.7 
20 10 323 55 14.6 
22 41 36 55 445.1 
24 42 32 56 16.1 
26 13 22 6 47.5 0.4883 0.4874 9.8 
28 44. 4 97 19.4 
30 44 38 57 51.8 
Apr. 2 45 4 58 24.7 
4 19 45 22 —58 580 0.5028 9.4858 98 








Elliptic Elements of Comet 1911 4 Schaumasse.—In A.N, 4549 
Mr. G. Fayet of the observatory at Nice, gives elliptic elements of Schaumasse’s 
comet, based upon observations on the dates December 1, 2, 11, 16, 20, 21 and 
28. The comet is faint and diffuse so that the observations are subject to 
comparatively large errors, but it seems certain that the orbit is elliptic and 
that the comet is one of the Jupiter family. 
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ELEMENTS. 
T = 1911 Nov. 12.2398 Paris mean time 


w = 43° 20’ 38”.8) 
9-=93 15 02 .3' 1911.0 
i=17 40 49.3} ‘ 


log g = 0.084588 

e = 0.669806 

& = 502” .667 
The accompanying diagram constructed from these elements shows the 
relation of the comet’s orbit to the orbits of the earth, Mars and Jupiter. The 
comet was not discovered at its most favorable position and it is possible that 
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DIAGRAM OF THE ORBIT OF COMET 1911 Hh, SCHAUMASSE. 


at some future apparition it may be seen much nearer at hand. During this 
winter and spring its distance from the earth will not change very much. 
After Mav it will recede rapidly and probably be lost to sight by midsummer- 

Mr. Fayet calls attention to the similarity of the elements of this comet 
to those of Denning’s 18941. The greatest discrepancy is in the inclination of 
the plane of the orbit to the ecliptic. The two cometscan hardly be identical, 
for, although their periods are nearly the same (7.2 and 7.4 years respectively), 
the interval from 1894 to 1911 is not a multiple of that period; the two comets 
are at opposite ends of their orbits. It does not appear that Denning’s comet 
can have been greatly disturbed by Jupiter in the mean time. 


Comet 1894 I Comet 1911 h 
w = 46° 15’ ‘ 43° 20’ 
Q= 84 37 93 15 
f= § 32 17 04 

log q = 0.0596 0.0846 


e = 0.6984 0.6698 
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COMMUNICATIONS QUESTIONS AND ANSWERS. 





(This department is designed especially for the use of amateurs. 
invited to send in their puzzling questions. The editors will try to see that answers 
are given to reasonable questions, but will not hold themselves responsible for the 
correctness of the views expressed in the communications which may find place 
here. All communications should be brief.) 


Beginners are 


Home-made Telescopes.—Quite a number of our readers are making 


telescopes of their own. Whether this is wise or not in the end, the editor 


would not like to say, but it certainly furnishes an interesting occupation to 


fill up one’s spare moments. The accompanying photograph is sent in by 





TELESCOPES MADE BY AMATEURS. 


Dr. O. F. Barnes of Arcola, Ill., who writes: “Also send you kodak view of 
our temporary observatory. You will notice the 10” reflector is very poorly 
mounted. The mounting is made from such junk as we were able to pick up 
but the optical properties of all the telescopes are good.’ 





Beautiful Conjunction of Mars and the Moon.—At the first 
opportunity 1 announced in the Bulletin of the Astronomical Society of Mexico 
the conjunction of Mars and the moon, which would take place on the evening 
of January 28th, 1912 in the constellation Taurus. A few days before the said 
date, I feared that the phenomenon could not be observed in the valley of 
Mexico, because there were frequent atmospheric disturbances which caused 
cloudy weather just before sunset. Sunday the 28th was a very gloomy and 
cloudy day; but about 5 o’clock in the evening, a fresh wind began to drive 
away the clouds and about six o’clock, the moon appeared in a clear part of 
the sky. The moon was in its eighth day and very near the zenith. Very 
near the southern horn of the moon shone Mars like a burning charcoal. 
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The red color of the mysterious God of War made a strong contrast with the 
yellowish hue of our satellite. Exactly at 6h 45m (local time) Mars was 


on the prolongation of the moon’s axis and at a distance less than the moon’s 
radius. 





THE CONJUNCTION OF MARS WITH THE MOON JAN 28, 1912. 

Of course this approach of the two asters was merely apparent, and was 
caused only by an effect of perspective. The distance of the moon from the earth 
is 384,454 kilometers, and the distance of Mars from the earth is 78 millions of 
kilometers. If it were possible to send a telegram to our satellite by means of 
the Hertzian waves, it would reach our neighbor in a little more than a 
second, while a telegraphic signal sent to Mars would arrive in thirteen minutes. 

The cut which is published with this article shows the aspect of the phe- 
nomenon at 6:45. It was, indeed, a very beautiful celestial sight. 


PROFEsSOR Luis G. LEON. 
Mexico, January 29, 1912. 





Question.—Annular and Total Eclipse.—Please explain the possi- 
bility of an annular eclipse changing into a total one, as predicted for April 17, 
while the radius of the sun is greater than the radius of the moon. 

ANSWER.—The writer will remember that the earth is approximately a 
sphere. The angular semidiameters of the sun and moon are given as seen 
from the center of the earth (See page 32 January number of 


~ 


POPULAR 
AsTRONOMY). As seen from a point on the earth’s surface on the side toward 


the moon, 4000 miles nearer, the mooon’s diameter is perceptibly (1/60) 
larger while the sun’s diameter is not perceptibly increased. Or, to put the 
matter in another way, the shadow of the moon on April 17 will not be long 
enough to reach the surface of the earth at the point where the axis of the 
shadow first strikes the earth, but it will reach that part which is nearer to the 
moon, during the middle of the eclipse. So the eclipse will first be annular, as the 
shadow crosses the Atlantic Ocean, the annulus growing smaller and smaller 
until, a short distance off the coast of Spain, the tip of the shadow meets the 
surface of the earth; then total, but lasting only a moment at each place, as 
it crosses the northwest corner of Portugal and Spain; then the shadow will 
fall short of the earth again and the eclipse will be annular across France, 
Germany and Russia. 
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Question.—Retrograde Movement of Satellites.—Please 


answer 
the following questions. 


What is the theory of astronomers, accounting for 
the fact that the orbits of the satellites of Uranus are nearly at right angles 
to the plane of the ecliptic, and the movements of the satellites in their orbits 
are retrograde, or from east to west? Do not these facts militate against the 
nebular hypothesis accounting for the manner in which satellites are thrown 
off from the planets, while the latter are in a nebulous or plastic condition, 
and continue in the same plane of motion and revolve in the same direction 
as the planets? 


ANSWER.—See Moulton’s “Introduction to Astronomy” pp. 454-462. 
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The Monthly Report of the American Association of Variable 
Star Observers.—With this report a new form of arrangement of the 
observations will be noted the stars being arranged in the order of their R. A. 
It was suggested by Mr. Leon Campbell, an authority on variable stars, who 
has been good enough to commend our organization, and the work we are 
doing. I think all will agree that this arrangement greatly facilitates com- 
parison of observations, which is the purpose of this report. 

Mr. J. B. Lacchini, of Imola, Bologna, Italy, has has lately joined our 
ranks, and his list of observations appears for the first time. Although a 
new recruit he has made remarkable progress in the work. It may be added 
that our association welcomes codperation in this work by observers of 
any country. 

A minimum of o Ceti occurred during the past 
Chandler's formula it was scheduled for Jan. 21, 
gives it two days later. 


month. According to 
and Hartwig’s Catalogue 
Apparently a minimum of about 9.4 occurred during 
the week preceding Jan. 21. Hartwig calculates a maximum May 27, so the 
star should commence to brighten soon. 

SS Cygni turned on its light again on schedule time (48-50 days 
the 27th and 31st of Jan., as the observations indicate. Mr. Jacobs was the 
only observer fortunate enough to observe this maximum. 


between 


The rise of 053531 U Aurigae as observed by Miss Young is quite remark- 
able. A gain in brightness of two magnitudes in 12 days, an increase of twelve 
times in brilliance. 

A maximum of 230759 V Cassiopeiae, about 7.5, was observed during the 
month, probably during the week preceding Jan 27th. Hartwig’s calculated 
date of maximum is Feb. 4. Since Feb. 1 the star has apparently been on the wane. 
The twenty-four observations of 103769 R Ursae Majoris by eight obser- 
vers are especially noteworthy, showing remarkable 
calculated a maximum for this star Jan. 
maximum some three weeks earlier. 


accordance. Hartwig 
7. Our observations point to a 
It may offer food for reflection that the 
observed maximum seems to precede the calculated maximum. 

I take the liberty of quoting from a letter received from Mr. Jacobs, as it 
establishes such a good rule for ascertaining the proper way to hold the chart 


before making an observation, a point that is troublesome to beginners:— 
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VARIABLE STAR OBSERVATIONS Jan. 10 to Feb. 10, 1912. 


001726 
T Andromedae 


o¢ 
Oo 
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OO OCO WH 
DARK WOH 
OROMROK 


001755 
T Cassiopeiae 
4 238 92.2 


001838 
R Andromedae 
1 30 738 OY 
2 2%. ¥ 


004047 

U Cassiopeiae 
1 12 8.5 

20 8.4 Y 

2 3.35 

8 9.0 


004132 
RW Androm. 
1 i2 5 

16 

19 

19 

31 


Dre 


J 
J 
O 


Soeeses 
Ke OD -102 


to 
is) 
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J 
J 
O 
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- 
ee 
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6 O 
004533 
RR Androm., 
2 6 9.9 O 


004958 
W Cassiopeiae 
1 10 91 J 
13 
19 
20 
27 
2 4 
011272 
S Cassiopeiae 


Qe 6 M0 1s 
more owoeo 
ee ee 


1 12 9.2 J 
13 9.3 J 
19 9.5 J 
27 9.5 J 

2 4 96 J 


Mo.Day Est.Obs. 
8 Y 


012502 
R Piscium 
Mo.Day Est.Obs. 
1 20 80 V 
zi 8&7 O 
2 $ 82 Y 
§ 8.7 O 


013238 
RU Androm. 
1 1011.37J 

1611.3 J 

1911.7 J 

2232.7 | 
2 412.3 J 


013338 
Y Androm. 
1 1612.0 J 
1911.3 J] 
2111.3 J 
2711.1 Jj 
2 210.1 J 


014958 
X Cassiopeiae 
L 2011.3 Y 
2 §11.3 Y 


021024 
R Arietis 
21 10.5 
2 3 8.8 
6 8.9 
9 8.9 


O 
O 
O 


021403 
o Ceti 
1 10 9.3 
it &8 
16 9.6 V 
19 9.5 O 
21 9.2 Ha 
21 9.2 Hu 
22 9.6 VY 
24 9.2 O 
29 9.2 G 
9.4 F 
8.8 G 
9.2 O 
9.2 V 
9.2 O 


nour, 


022813 


O 
G 
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023133 

R Triang 
1 24-98 Y 
2 32064 Y 


nor 
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1 


9 


1 
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024356 
W Persei 


Mo.Day Est.Obs. 
1 


10 9.9 V 
19 8.2 V 
21 9.2 Hu 
5 9.8 V 
610.0 O 
7 9.5 Hu 


030514 
U Arietis 
20 8:7 ¥ 
8 89 Y 


032043 

Y Persei 
710.2 Hu 

16102 Hu 

2110.2 Hu 

24 10.2 Hu 


032335 
R Persei 
1012.8 Y 


042215 

W Tauri 

2410.8 Y 
511.4 O 
610.8 Y 


043065 

T Camelop. 
24 89 Y 
8 8.9 Y 


043274 
X Camelop. 
1510.0 O 
22 73.2 0 
2411.1 ¥ 
612.5 Y 


045307 

R Orionis 

20 10.5 
3 10.0 


mS 


045514 
R Leporis 
12 9.0 
19 
19 
24 
1 

a 


5 


x 


aNAIAIKA 
O<0< 


cnouPrPpoou 
- 


Vv 
050003 


V Orionis 
2012.5 ¥ 


050953 
R Aurigae 


Mo.Day Est.Obs. 


1 2412.5 Y 


2 612.8 Y 
052034 
S Aurigae 
1 13 9.0 
24 9.00 Y 
2 8 862 ¥X 
053068 
S Camelop. 
i 28 86 Y 
24 84 Y 
2 $ 8S Y 
053531 


U Aurigae 
1 2032.7 ¥ 
2611.2 Y 
eS 2 Se F 
054319 
SU Tauri 
24 9.7 Y 
6 9.6 Y 
054920 
U Orionis 
1 711.6Hu 
16 11.2 Hu 
2411.2 Hu 
055353 
Z Aurigae 
2410.5 Y 
2 6109 Y 


063159 
U Lyncis 
19 11.0 


065355 
R Lyncis 
10 8.0 
13 ¢ 
20 
20 
28 
2 3 


1 


070122 
Geminorum 
7 9.4 Hu 
16 9.8 Hu 
21 10.0 Hu 
2410.8 Hu 


070310 
R Can. Min, 
1 0 Oo 
19 O 
24 O 
=e O 
8 oO 


do 
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—— 
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~] es aaa 


t ~1 00 Oo ~2¢ 
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072708 
S Can. Min. 


Mo.Day Est.Obs. 


1 1010.5 O 
1910.7 O 
21 10.3 Ha 
24 10. 5 O 

1 


1 


DOr & 
oOewowo: 
No OW 
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1 


073508 
U Can. Min. 
1 i8tas 
2412.4 Y 
2 612.8 ¥ 


074922 
U Gemin. 
1 2225.5 J 


082405 
RT Hydrae 
i 21 74 © 
2 8 7.8 O 


O85008 
T Hydrae 
Ll 2% 6.1 0 
2 8 84 O 


085120 
T Cancri 
1 19 9.5 
2 5 9.5 


O 
O 


093178 

Y Draconis 
1 24 9.3 Y 
2 §2100 Y 


092934 
Re Leo. Min. 
16 7.7 Hu 
24 7.7 Hu 
Sc 8.8 S$ 
2 8 8.6 §$ 


094211 
R Leonis 


oe se) eg 
21 9.6 O 
24 9.6 O 
24 88 Y 
29 8.6 G 

2 6 65 ¥ 
6 8.8 O 

8 8.6 O 
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VARIABLE STAR OBSERVATIONS Jan. 10 to Feb. 10 1912—Continued. 


103769 141567 170215 204016 — 222439 
R Urs. Maj. U Urs. Min. R Ophiuchi T Delphini S Lacertae 


Mo.Day Est Obs. Mo.Day Est.Obs. Mo.Day Est.Obs. Mo.Day Est.Obs. Mo.Day Est Obs 
1 16'o5 O £ 12084 J 1 Se O38 5 tw 87 


J. - £ Rs 
10 8.7 L Sa 43.7 ¢ 35 30 8.2 G 20 9.6 Y 2012.0 Y 
a a7 3 14.1954 las 2495 Y 2 5128 Y 
12 8.7 S$ S$ Bodtis 180531. 210868 
13 84 Y 117 83 J . T Herculis T Cephei 223841 
13 8.7 B 21 85 J 1 10 7.6 L 113 9.9 J R Lacertae 
19 8.8 O 28 9.0 J 31 8.4 G 15101 0 1 10124 Y 
19 8.8 J 142584. 19103 V 20125 Y 
‘ - ‘Vv — 9¢ = ‘ 
= SS * 6B Camsep ap tall 19 9.9 J 
20 89 J 1 10 8.7 0 7. 2110.5 O 230110 
‘ : 20°78 I 
20 9.0 B is Ot J eee ; 21 9.8Ha R Pegasi 
21 85 Hz re 4 15 8.4 \ = ote Age — 
= 0 tia 6 8.5 21 72H: 2410.5 O 1 1010.5 Y 
25 9.0 O 19 8.9 O on 78 L. 2 4106 O 
ee 19 91 J 4 “5 ga RB 410.2 J 230759 
28 9.3 J m4 90 °° = = BIG.3 V vGsstncee 
2 3 9.5 B 28 93 | epenogen 
9.70 « eae 194048 ee 1 10 8.0 O 
: fa SO 2 B64 age cme 13678 ae 
49.5 J a 4 RT Cygni lactate al i3 7.6 Jj 
= 4 9.2 0 QO 7 S Cephei 15 8.3 O 
4 9.2 G 6 93 0 1 19 oi i, 1 10 93 0 S 8.3 
§ 9.4 §$ 8 9.0 B 26 8.4 L 13 96 28 8 0 O 
5 9.6 Y 9 93 O 19 au ray 19 1.4 J 
5 9.4Ha ~ 200938 = oe 20 7.6 J 
;en 8 _ oe RS Cygni 19 9.5 J 24 7.5 @ 
> 9.8 > R Cor. Bor. 3 R4 | 21 3.2 Hu 27 77 C 
910.2 O ar 113 8.4 , 0490 O sdb 
1 22 8.1 J 27 8.3 | palin 9.0 on Ye 
31 7.9 G 2 4 8.3 | 24 2 4 2 3 5.0 O 
123160 154536 an 4 178 J 
T Urs. Maj. X Cor. Bor. 201130 -~ oo a O 6 8.3 0 
1 2012.2 Y 1 2211.0 J SX Cygni 2. J 9 82 0 
2 65104 Y se L 10 87 ¥  : oe a 
162119 : 8 88 §S 9229905 
2 810.0 O , ae NE 2010.0 Y an: 233335 
( Herculis : 9 8.5 O ST Androm, 
123961 1 29 8.6 G 201647 213843 1 129.2 8 
S Urs. Maj. 163266 U Cygni SS Cyeni 15 9.0 O 
. 10 10.7 ¥ R Draconis 2 138 80 J 1 10187 ¥ 21 9.3 O 
16 11.0 J 1 2110.7 J oT] 46 1311.97} 2 3 95 O 
20 11.0 Y 22°:10:7 } 2 4 8.0 J 20 11.6? ] 5 9.4 § 
2011.2 J 2410.2 ¥ 6 7.4 § 9711.9 ] 9 9.8 O 
2110.8Ha 2 3 9.0 Y 31 8.6 J 
2311.2 J 5 93 S 203816 2 1 9.4 F 235939 
2 611.1 Y ca — # 1 9. 235935 
132452 6 9.0 Y S Delphini 3 9.4 Y SV Androm. 
R Hye ae 164715 1 1011.5 Y 410.3 J 1 1811.8 Y 
: — aa 6 S Herculis 20 10.8 z 510.5 Y 2011.6 Y 
2. 53 . i @e 7 3 2410.7 \ 611.0 ] 2 510.8 Y 


“All vou have to do is to keep the telescope still and watch a star, in 
part of the sky in which your variable is located, cross the field. 
across the field is of course directly westward. 


the same 
Its direction 
You then tilt your star chart 
so that the east and west on the chart will correspond with east and west 
in the telescope field.’ This should make the matter clear to all. 

The association is greatly indebted to Dr. Gray for his timely article on 
“Initial Difficulties” in the current number of “‘PopuLar ASTRONOMY.” It offers 
an extremely lucid explanation of many points concerning variable st 


ar observ- 
ing that have heretofore been obscure. 
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In the herein published list of observations the observers names are 
abbreviated as follows:— 
Rev. T. C. H. Bouton, Hudson, N. H. 
E. L. Forsyth, Needles, Cal. 
Dr.Edward Gray, Eldridge, Cal. 
F. E. Hathorn, Des Moines, Iowa. 
S. C. Hunter, New Rochelle, N. H. 
M. W. Jacobs, Jr., Harrisburg, Pa. 
J. B. Lacchini, Imola, Italy. 
W. T. Olcott. Norwich, Conn. 
Miss R. M. Swartz, South Norwalk, Conn. 
H. W. Vrooman, Kokomo, Ind. 
Prof. Anne S. Young, Mt. Holyoke College, So. Hadley, Mass. 
The date set for sending in lists of observations as it appears in the last 
report is a bit misleading. The lists should be sent so as to reach the secretary 
by the ninth of each month. 


“e€2VOr—“Rmo sw 
sf 


WILLIAM TYLER OLCoTT, 
Norwich, Conn. Coresponding Sec’y. 
Feb. 14, 1912 





Mr. Latimer J. Wilson writes that he has resigned the directorship of 
of the Planetary and Lunar Section of the S. P. A., the correspondence requiring 
too much of his time. 





The Zodiacal Light shows up strong in the west these winter even- 
ings. March is the best month of the year for study of the zodiacal light in 
northern latitudes since it now stands more nearly perpendicular to the hori- 
zon than in other months. Observers with good locations, free from the glare 
of artificial lights, may well spend a part of each evening in tracing upon a star 
map the outline of the zodiacal light as they see it. It is not known whether 
the axis of the zodiacal light lies exactly on the ecliptic or not. It is very 
nearly so, but a long series of observations, made simultaneously by observers 
north and south of the equator, is necessary in order to eliminate the effect of 
temporary and local conditions upon observations of an object of so vague 
outlines. 

As most observers will not wish to deface their ordinary star maps by 
drawing the outlines of the zodiacal light upon them, PopuLAR ASTRUNOMY has 
had struck off a small number of copies of a zodiacal chart, which was made 
for another purpose but will serve very well for this, and can furnish copies at 
10 cts. each. The chart is in two parts,each 180° long and 60° wide, the 
printed length of each being 20 inches. 





The Gegenschein.—The above-mentioned chart will serve nicely also for 
records of the Gegenschein. This object is much more difficult to see than the 
zodiacal light, and observations by observers with eyes very sensitive te slight 
contrasts are greatly needed. The Gegenschein is approximately opposite to 
the sun and varies in size and shape during the year. At times it seems per- 
fectly round and from 5° to 10° in diameter, at others it is apparently elliptic 
and may be 20° or 30° long. The Gegenschein is now in the constellation Leo 
but of course is moving eastward about a degree a day. 
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GENERAL NOTES. 





Professor E. B. Frost, Director of the Yerkes Observatory, has been 
seriously ill with pneumonia but letters within the past few days indicate that 
he is able to be at his work again. 





Professor Cleveland Abbe of the U. S. Weather Bureau, Washington, 
D.C., has been awarded the Symons gold medal for 1912, in consideration of 
his distinguished work in connection with instrumental, statistical and dynam- 
ical meteorology and forecasting. The medal was presented by the president 
of the Roval Meteorological Society (London) at its annual meetiug January 17. 





Mr. Charles G. Abbot, director of the Smithsonian Astrophysical Ob- 
servatory, has returned to Washington from Bassour, Algeria, where he has 
been making astrophysical observations, in regard to the solar constant of 
radiation. The observing station in Bassour was establishef in July, 1911, 
when Mr. Abbot and his field assistant, Professor Frank P. Brackett, of 
Pomona College, arrived in Algeria, and observations were continued until the 
end of November. From previous work as Washington, Mount Wilson and 
Mount Whitney, it had been determined that the sun was probably a variable 
star, and that apparently its radiations frequently fluctuated from two to 
five per cent, during irregular periods of from five to ten days duration. 
Although strongly indicated by the work on Mount Wilson, the result was so 
important that it seemed necessary to test it further, by means of simultane- 
ous independent observations held at Mount Wilson and some other high 
altitude station remote from there, where an equally cloudless atmosphere 
existed. These duplicate observations would eliminate all errors due to local 
atmospheric conditions. Mr. Abbot made complete determinations of the 
solar constant for forty-four days in Bassour, while his assistant Mr. L. B. 
Aldrich, made similar measuremements at Mount Wilson, Cal. The two 
observing stations were separated by a distance nearly equal to that of one 
third the circumference of the earth. Unfortunately some cloudy weather was en- 
countered at each of the stations, but the records of about thirty days will 
be available for comparison. If it seems necessary to make additional meas- 
urements it will be possible to continue the work this year, during June, July 
and August. (Science, Feb 2, 1912.) 





Bowditch’s Translation of the Me ~anique Celeste of Laplace.— 
The family of the late Nathanial Bowditch has placed in my hands a few copies 
of volumes II, III, and IV of his translation of the Mécanique Céleste of 
Laplace for presentation to those who can best make use of them. We have 
also a considerable number of the Appendix to Volume III, Methods of Com- 
puting the Orbit of acomet or planet. I desire to give precedence to astron- 
omical observatories and libraries, and to astronomers who 
personal use of them. 


would make 


If you are inclined to give the readers of PopuLAR AsTRONOMY a notice to 
this effect, I shall be glad to make the distribution to as many as our copies 
will permit. 

EDWARD C. PICKERING. 
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The Eclipse of the Sun, April 17 .—The British Astronomical Associa- 
tion is arranging a Steamer Expedition to Portugal to observe the eclipse of the 
sun April 17. Across the northwestern corner of the peninsula of Portugal 
and Spain the eclipse will be total, but totality will last for only 1°.5 at most. 
This will be a unique opportunity to see the inner corona all around the solar 
disk at once, but the view will be tantalizing, lasting so short a time. 





Orbit of the Double Star 4 Aquarii.—In A. N. 4547 Mr. W. Doberck 
gives the following elements of the orbit of the double star 4 Aquarii, 
based upon observations from 1783 to 1910: 


2= 168° 10’ Period = 644.5 years 
A= 20 48 T = 1889.31 
¥= %% 61 a = 2”".094 

e = 0.7600 


The star has been a very difficult one to measure during the past 70 years, 
because of the closeness of the components, but they are now separating so 
that the double Will soon become an easy object. 


EPHEMERIS OF 4 AQUARIIL. 


Year Position Distance Year Position Distance 
Angle Angle 
° ”, ° ” 
1911.7 319 3 0,425 1927.7 334.0 0.910 
1915.7 324.4 0.525 1930.7 335.3 1.000 
1918.7 328.0 0.625 1933.7 336.4 1 O86 
1921.7 330.5 0.723 1936.7 337.3 1.167 


1924.7 332.5 0.818 





Observations of the Struve Double Stars.—Bulletin No. 206 of 
the Lick Observatory contains the results of measurements of the Struve double 
stars made by Professor Wm. J. Hussey, principally in the years 1901-2, with 
the 12-inch and 36-inch telescopes. 





Optical Resolution of the Saturnian Ring.—Under this title Pro- 
fessor David Todd gives an article in the February number of the American 
Journal of Science, in which he claims to have resolved a portion of Saturn's 
rings into their component satellites. A sketch accompanying the article 
shows that the resolved portion was in the east ansa of the bright ring B and 
the dusky ring C. The following words, quoted from the article, will give the 
reader an idea of what Professor Todd saw: “it was in this especial region 
that, in the moments of the best vision, a certain sparkling flocculence was more 
or less steadily glimpsed; scintillant much as fine snowflakes sun-illumined at 
the close of a storm.”’ 





Photometric Observations of the Asteroids.—In Circular 169 of 
Harvard College Observatory Professor Pickering gives a brief discussion of 
the available photometric observations of 43 of the brighter asteroids. A 
number of these show very curious discrepancies. Professor Pickering says: 
“One of the most important problems in astronomical photometry is the deter- 
mination of the light of the asteroids. The problem is a very complicated one, 
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since the light varies not only with the distance from the sun and earth, but 
also with the phase angle, according to a curious law. Several observers have 
shown that this variation is proportional to the phase angle, a law for which 
no physical explanation has been offered. In addition, Eros and some other 
asteroids have been found to vary ina period of several hours. These changes 
are very puzzling, since they sometimes cease, or the range alters, without 
obvious cause. 

“It is probable that the photometry of the asteroids, in the future, will be 
studied mainly by photography, as soon as a satisfactory scale of photographic 
magnitude can be established for all the stars.” 





2arallax of the Double Star Krueger 60.—In A. N. 4542 Mr. H.E. 
Lau gives the results of a number of measures for determining the parallax 
of the double star Krueger 60 (Burnham’s General Catalogue 11761). From 
measures on fourteen nights in the vears 1907-10, together with Burnham’s 
measures in 1890, he finds the parallax of the star A relative to the star C 
to be + 0”.22 + 0”.038, a large parallax for a star of the ninth magnitude, 
and all the stranger because the star C is nearly as bright as A. 

The mean of earlier measures of the parallax, by Barnard, Schlesinger and 
Russell is 0’’.25. 





— 


The Work of Harvard College Observatory.—The following 
extract from the report of the Committee to visit the Astronomical Observa- 
tory to the Board of Overseers of Harvard College, gives a concise account of 
the enormous amount of work which has been done at the Observatory during 
the last thirty-four years. After speaking of the work in previous years the 
report continues: 

“In 1877, under the directorship of Professor E. C. Pickering, a new line of 
investigation was adopted, having for its object a study of physical peculiarities 
of the light of the stars. This may be described as the accurate measurement 
of the intensity of the light of the stars, instead of their position. More strictly, 
it is the measure of the intensity of the light of different wave lengths, since it 
includes the classification and peculiarities of their spectra as well as a general 
measure of their light. This work has been pursued with unremitting zeal and 
success for more than thirty years. The difficulties in these untried fields can 
only be appreciated by those conversant with the special subject, and the great 
success obtained speaks volume of praise for the Director and his associates. 
Because of the generous endowment of the Observatory the policy of carrying 
out large pieces of routine work has been possible far beyond the means of the 
private individual or the small observatory. 

“Every effort has been made to obtain the greatest accuracy of results, but 
at the same time that the largest amount of material might be collected, and 
through a good system economy of time be preserved. 

‘‘Four fundamental systems have been developed which are well known 
throughout the astronomical world and have received very general acceptance. 

1. A scale of photometric magnitudes, obtained with the meridian Photo- 

meter invented by the Director: the results being based upon more 
than two million settings. 

2. A scale of photographic magnitudes, in which the effect of the light of 
of the stars on the salts of silver, and not the effect upon the human 
retina, is the standard. 
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3. A system of classification of variable stars, including methods by which 
great numbers have been discovered, Jight curves and periods have 
been found for them and many thousands of measures of their 
brightness upon a scale which is the same for stars in all parts 
of the sky. 

4. A system of classification of stellar spectra has been adopted and 
applied to the detailed classification of nearly five thousand stars 
and the approximate classification of many thousand more. This 
investigation has led to the discovery of several thousand stars 
having peculiar spectra of a character previously unsuspected. 

“While it would be rash to predict that these systemswill obtain universal 
acceptance in the future, it can at least be said that each is based upon a 
larger amount of observation than has been collected elsewhere and that the 
systems are now very generally used as the working basis of progress and tend 
each year to receive more general acceptance. 

“The recent expression of the opinion of astronomers in regard to the Dra- 
per Classification of Stellar Spectra is extremely favorable to the Observatory. 

“Besides all this, two hundred thousand photographic plates of the stars 
have been taken and are now preserved ina fireproof building. They represent 
a history of the entire sky from the North Pole to the South Pole over a 
period of twenty-five years. Nothing like this in extent and completeness 
exists in the world. 

“The collection is unique and gives the material to rescue from the past the 
history of the phenomena of the sky which is even now unknown, but 
infallibly recorded on the photographic plates. 

“The work described above represents the continuous efforts of an average 
of about forty persons during the last thirty years and an expenditure of 
approximately a million and a half dollars. 

“The principal results of the work of the Observatory are shown in its 
Annals, a series of quarto volumes now seventy in number. During the first 
twenty-five years of the Observatory’s existence, two of these volumes were 
issued on an average every five years. During the last twenty-five years about 
two a year have been published, a five fold increase.” 

A recent pamphlet, of 36 quarto pages, is devoted to a list of the contents 
of seventy volumes of Annals. 





A Visit to the Observatories of the United States.—In 
“L’Astronomie”’ for November and December 1911 Count A.de la Baume 
Pluvinel has given a very interesting account of his visits to the principal 
observatories in the United States, on the occasion of the Solar Conference 
held at Pasadena and Mount Wilson in September 1910. Quite full descriptions 
are given of the equipment and work at the Harvard, Washington, Allegheny, 
Yerkes, Lowell, Lick and Mt. Wilson observatories. 





Stellar Parallax from Meridian Transits at the Washburn 
Observatory.—In the Astronomical Journal No. 631 Professor A. S. Flint, of 
the Washburn Observatory, Madison, Wisconsin, gives the results of his second 
series ot measures of stellar parallax by means of meridian transits. This series 
includes observations of 124 stars, extending from July, 1898, to March 1905. 
The instrument used was the Repsold meridian circle of 12.2 cm. aperture, with 
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a power of 180 diameters and equipped with a Repsold transit micrometer driven 
entirely by hand. The star images were kept midway between two movable 
threads, which formed a pair separated by a space of 8.5 to 10.5. The 
brighter stars were reduced in apparent magnitude by means of screens which, 
in some cases consisted of brass wire screens entirely separate from the instru- 
ment and, in the remaining cases, of rotating slats attached to the objective 
end of the telescope. 

The observing list consisted primarily of parallax-stars between magnitudes 
1.5 and 2.5. To these were added some stars down to magnitude 3.5, others 
of large proper motion, binaries, and a few other miscellaneous stars. 

The general average of the probable errors of the parallaxes is + 0.031, 
the probable error for individual stars ranging from +0.”020 to +0.”048 

Professor Flint has grouped the stars in various ways, searching for sys- 
tematic variations in the parallax. He finds little difference due to the difference 
in brightness between the star and its comparison stars; no variation with 
reference to galactic longitude; but a curious flat minimum between —6° and 
+ 20° of galactic latitude. Arranged according to spectral classes the parallax 
of 68 stars of magnitude 3.5 or brighter average as follows: 


Spectral No. of Absolute 
class stars parallax 
B 16 +0’’.032 

A 23 +O .059 
F-G 8 +0 .040 
<-M 21 +0 .012 
Total 68 Mean 0. 036 


For 41 stars fainter than magnitude 3.5, which all fall in the spectral 
classes F-G and K, the following averages were found. 


Spectral No. of Absolute 
class stars Parallax 
F-G 22 + 0’'.057 

kK 9 +0 .069 


Mean+ 0 .063 
For these stars Professor Flint also finds a rather marked increase of 
parallax progressive with their proper motions. 





Resume of Sun-spot Observations 1911. 


Month No.of N. of Equator S. of Equator Av ho.at New No.days 
Obs. No.groups Av.lat. No.groups Av.lat. each Obs groups without 
spots 
Jan. 11 a 1 —9 0.55 1 5 
Feb. 14 0 cant 2 9 0.50 2 7 
Mar. 20 ames 4 10.1 0.70 3 11 
Apr. 18 1 +3° 4 8.6 0.94 4 3 
May 23 1 4.6 5 12.1 0.74 5 9 
June 7 1 4.6 ae 0.29 0 5 
Sept. 9 w - ‘waste m sees 0.00 0 9 
Oct. 14 1 +3.5 O° ceux 0.28 1 10 
Nov. 15 Se em 4 —7.8 0.67 4 5 
Dec. 10 —————— sues 0.00 9) 10 
Total 141 4 20 20 74 
Average numbers at each observation 0.52 
Average latitude of spots north of equator +3°.7 
Average latitude of spots south of equator —9 7 


Sun-spots have been small, and of rare occurrence, especially in the region 
north of the equator. No high latitude spots have been observed, so that the 
new disturbance has not yet appeared. 


ANNE SEWELL YOUNG. 
Mount Holyoke College. 
South Hadley, Mass. 
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Observatoire de Lille.—The name of the Observatory at Hem, France, 
has been changed to ‘Observatoire de Lille.”’ 





Astronomical Papers at the Washington Meeting of the A.A.S.A. 
and the A.A.A.S.—Professor Frost kindly calls attention to three important 
papers, read at the joint meeting of the Astronomical and Astrophysical Society 
of America with Section A of the American Association for the Advancement 
of Science, which were not included in our report of the meeting last month. 
These were: the vice-presidential address by Professor E. H. Moore; the very 
fine presentation, by Professor Lewis Boss, director of Dudley Observatory: 
of the results of his researehes on stellar motions in respect to star streamings 
and the admirable paper by Rev. Joel H. Metcalf on ‘“‘The Asteroid Problem.” 

The paper of Professor Boss, which was not in written form, was presented 
with the aid of lantern slides and occupied about an hour. It was a very 
remarkable statement of his exceptionally important researches. We hope to 
give the substance of these papers in a future number of PopuLar ASTRONOMY. 





Abstracts of Papers presented at the Washington Meeting 
of the Astronomicaland Astrophysical Society of America, 
Dec. 27-29. [From the Preliminary Program.] 


THE LESSON OF JOSEPH PIAZZI’S LIFE 
BY HERMAN S§. DAVIS. 


Piazzi’s career is followed from his birth, through his student days in Milan, 
Turin, and Rome, and his professional days in the Universities of Genoa, 
Malta, Ravenna, Cremona and Rome, and while getting wider experience in 
Paris and Greenwich, preparatory to beginning his long period of astronomical 
observations at Palermo, where he built an observatory on the Royal Palace. 

The method of his observing for the large catalog of stars. his discoveries 
of certain stellar proper motions, his wide range of observations and of writ- 
ings on astronomical and geodetic subjects, are narrated to elucidate the 
influence which this Theatine priest exerted on the science of his and later 
days; and inversely to exemplify the influence which had been exerted on him 
by his environment and by his intercourse with LaPlace, LaGrange, Delambre, 
Bailly, Cassini, Herschel, Wollaston, Oriani, Cagnoli and other notable men of 
astronomy. It is further shown how his discovery of Ceres was not altogether 
an accident, nor by any means his greatest achievement, but was the natural 
by-product of his plan of work and his persistent diligence, and that all the 
many and valuable fruits of his quarter-century of labor were but the out- 
growth of an unselfish devotion that had adopted as its motto, the words of 
Seneca: 

At mehrcules non aliud quis aut magnificentius quaesierit aut didiceri 
utilius, quam de stellarum siderumque natura. 


THE ASTRONOMISCHER JAHRESBERICHT (AN ANNOUNCEMENT). 
BY HERMAN §S, DAVIS. 
A brief historical summary of the founding and maintaining of this review 
of astronomical publications, its plan, and scope, and to what extent its pur- 
pose has been attained. Its future: since assumption of the Editorship by 


Prof. Dr. Fritz Cohn, on the retirement of Dr. Berberich who succeeded to the 
editorship on the death of Prof. Dr. Wislicenus, its founder. 
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A COMPARISON OF DR. PETER’S CELESTIAL CHARTS 
WITH THE PHOTOGRAPHIC CHARTS OF THE SKY 
BY J. G PORTER. 

The value of Star-charts lies, first in the completeness with which they 
represent the sky, and secondly in their availability for use at the telescope. 

Four of the Photographic Charts of the Sky, taken at Algiers and Bordeaux, 
were compared with Dr. Peter’s Celestial Charts, the stars in corresponding 
regions being carefully counted. In every case the photographic charts contain 
fewer stars, the percentages running from 51 to 81, and the average being 67 
per cent. That is, the visual charts contain on the average 50 percent more 
stars than the photographic charts. 

Dr. Peter’scharts are pretty complete down tothe twelfth magnitude. The pho- 
tographic charts, therefore, are by no meanscomplete to the twelfth magnitude. 

On the photographic charts the images of all but the brighter stars are too 
faint to see without brilliant illumination, and the configurations of the fainter 
stars are difficult to trace. Hence these charts are ill suited for use with the 
telescope. 

Two conclusions follow from this comparison. First, the visua! charts, so 
far from being superseded by the photographic charts, are much superior both 
in their fullness and in their practical usefullness. 

Secondly, the photographic charts while ostensibly showing stars to the 
fourteenth magnitude, really go hardly lower than the eleventh and a half. 
Some of this discrepancy may be due to the difference between the photographic 
and visual scales; yet in any case it is clear that in the matter of these charts 
photography has accomplished far less than was claimed for it, and less than 
should have been done to justify the expenditure of time and money. 

THE NEW TWIN PHOTOGRAPHICAL TELESCOPES OF 
THE U.S. NAVAL OBSERVATORY. 
BY GEORGE H. PETERS. 

This paper is a continuation of one given at the meeting of the society at 
the Yerkes Observatory in 1909, entitled, ‘On the construction of Astronomical 
Photographic Objectives at the Naval Observatory."’ It describes the progress 
in construction and adjustment of the triple photographic objectives of 10 
inches aperture and 110 inches focal length. These new lenses and their mech- 
anical parts, forming a twin photographic telescope, are now practically com- 
pleted, and are erected in position on the old 26-inch mounting. The tests for 
errors of adjustment in collimation and refraction are exemplified, together 
with the methods employed in correcting them. 

NOTES ON THE DETERMINATION OF THE ELEMENTS 
OF ALGOL VARIABLES 
BY H. N. RUSSELL. 

Further study of this problem on which a report was made to the Society 
in August 1910, shows that, when there is no constant period at minimum 
(i.e., when the eclipse is partial), it is possible to represent the observed light 
curve within the error of ordinary observations by arbitrarily choosing any 
value within certain limits for the ratio of the radii of the two stars, and 
then determining the other elements in a suitable manner. 

The various sets of elements however, give different depths for the secondary 
minimum; and if this has been observed the problem becomes determinate, 
unless the primary and secondary minima are of nearly equal depth. In the 
latter case additional data, (which can sometimes be supplied by spectrographic 
observation) are necessary if the elements are to be definitely determined. 

Tables have been prepared which facilitate the numerical solution of these 
problems. With slight modifications, these may also be used in the case of 
variables of the Beta Lyrae type, in which the two stars are very close, and 
are distorted into prolate ellipsoids by their mutual attraction. 
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THE ECLIPSING VARIABLES W CENTAURI AND W URSAE MAJORIS. 
BY H. N. RUSSELL. 


Good light-curves of these stars have been determined, the first at Harvard 
by Miss Leavitt, the second at Potsdam by Muller and Kempf and by Baldwin. 
Both are of the 8-Lyrae type, and in each case the observations can be very 
satisfactorily represented on the eclipse theory. 

W Centauri has a period of 198.5 days and a range from 8".9 to 9".5, 
with a secondary maximum of 9".2, The system consists of two stars, one 
twice as bright and 2% times as large asthe other. The ratio of the longer 
and shorter axes of the ellipsoidal stars is 7:6. The relative orbit has an eccen- 
tricity of 0.04 and at periastron the surfaces of the twostars are separated 
by a distance slightly exceeding the diameter of the smaller. At principal max 
imum the smaller star is totally eclipsed by the larger; increase and decrease 
of light lasting 14 days and totality 15 days. 

The density of the larger star cannot exceed 1/160 that of the smaller 
star, 1/10 that of the air under ordinary conditions. The spectrum is G pec. 
with bright lines. 

This system is evidently in a very early stage of development, and if com- 
parable with the sun in mass and surface brightness, must be at a distance of 
many thousand light-years. 

The writer is greatly indebted to Professor Pickering and Miss Leavitt for 
unpublished observations of this star. 

W Ursae Majoris varies from 7™.9 to 8".5 in a period of eight hours, with- 
in which there are two equal and eyuidistant maxima and minima. Its varia- 
tion may be very satisfactorily represented on the assumption that the system 
consists of two stars, equal in size and brightness, with longer axes 4/3 of the 
shorter axes, revolving ina circular orbit, and separated by only 2/5 of their 
longer diameters. At maximum one star obscures half the disk of the other, 
the eclipse lasting 14% hours. 

The light curve may be equally well represented with any ratio of the two 
radii between unity and 0.57,—the surface brightness of the two stars being 
equal. The mean density of the system is 2.4 times the sun. This star is also 
of spectrum G, but must represent a very different stage of evolution from 
the other. 

THE SECULAR VARIATIONS OF THE ELEMENTS OF THE 
ORBITS OF THE FOUR INNER PLANETS. 
BY ERIC DOOLITTLE. 


This paper presents the results of a computation extending over upwards 
of sixteen years which had for its object a new determination of the perturha- 
tions of the orbits of the inner planets, based on the most accurate elements 
now obtainable. The method employed differed from that of Le Verrier 
and Newcomb in that it depended upon the evolution of certain integral ex- 
pressions instead of on the use of infinite series. Every possible device to insure 
accuracy was employed, the entire computation being duplicated and all known 
test equations applied. The well-known discrepancies which exist between 
certain of the variations as derived from theory and their values as determined 
from observation merely were fully confirmed. The figures expressing the mo- 
tions of the perihelion of Mercury, the node of Venus, the perihelion of Mars, 
and the eccentricity of Mercury, respectively, are as follows: 


Newcomb New computation Observation 
””, ” ”* 

+ 109.76 + 108.91 + 118.24 

— 106.00 — 106.00 — 105.40 

+ 148.80 + 148.74 + 149.55 


+ 4.24 + 4.235 + 3.36 











